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CHAPTER  I. 
INTRODUCTIOM. 


L  MATTER  AND  ITS  VARIOUS  STATES  OP  EXISTENCE. 

Tfie  subject  of  Chemistry  is  nwtlcr.     By  matter  we  mean  cverythi 

we  see,  feci,  taste,  or  smell ;  in  sliurt,  anything  which  affects  our  sen 

matter  exists  in  one  of  three  states  : — 
J,  Solid. — In  which  condition  the  ultimate  particles  or  molecules  are  closely^ 
pressed  together,   and   which   is  consequently  the  least  porous  an' 
mobile  form  of  matter,  requiring,  as  a  rule,  to  be  cut  or  pressed  so  a 
lo  suit  its  siie  to  any  parLicuUr  vessel  in  which  it  is  desired  to  be-] 
placed. 

1.  Liquid. — In  this  state,  the  molecules  are  not  so  closely  pressed,  but  caol 
move  freely  about  each  other.     Liquids  are  consequently  more  porous! 
than  solids,  and  of  themselves  assume  the  form  of  any  receptacle  ii 
which  they  are  introduced. 
,  OflMOUB. — Matter  in  the  gaseous  state  is  the  most  porous,  and  the  moleculesl 
appear   to  have  so  little   attraction  for  each  other  that  they  would] 
become  altogether  dissociated,  were  it  not  for  the  pressure  exercised  by! 
surrounding  bodies.    The  integral  particles  of  gases  are  considered  as  f 
being  in  continual  movement     One  solid  body  placed  against  another 
neTiises  to  mix  with  it  except  by  continual  pulverization ;    liquids  mix 
more  readily,  with  a  slight  amount  of  stirring ;  while  gases  mix  of  their 
1  "  own  accord.     Tliis  property  takes  place  by  a  hxed  law,  called  the  law 
ef  diffuiwnt  which  is  usually  stated  as  follows  : — Gases  mix  with  each 
ethir  of  their  vrvn  a(eord  at  a  rale  -which  is  inversely  proportioned  to  the 
tfuare  root  of  their  relative  densities.     Thus,  the  density  of  hydrogen 
bieing  i,  and  oxygen  i6,  the  square  roots  are  respectively  i  and  4;  and 
by  inverse  jiroportion,  we  see  that  hydrogen  will  diffuse  itself  in  oxygen 
four  times  as  quickly  as  the  latter  will  mix  with  hydrogen.     Gases  also 
possess  in  an  eminent  degree  the  property  of  elasticity ;  that  is,  they 
may  be  reduced  to  a  smaller  volume  by  pressure,  but  immediately 
on  its  removal  they  will  assume  tlieir  original  bulk.     The  greater  the 
pressure  the  less  the  volume  of  gas ;  and  the  less  the  pressure  the 
greater  the  volume. 

'  There  are  certain  general  properties  which  all  matter  shares  in  common, 

I.  £xtensiOQ.— By  this  we  mean  that  every  ^body  occupies  a  certain  bulk,  or  ] 
that  it  must  have  a  certain  degree  of  length,  breadth,  and  thickness,  | 
irrespective  of  its  form  or  of  how  that  form  may  be  changed.  J 

!.  Impenetrability, — which  signifies  that  no  two  bodies  can  occupy  the  same  \ 
space  at  liie  same  time.  1 

J.  Indestiuctibility. — We  may  change  and  decompose  matter  as  we  please,  | 
but  we  cannot  destroy  the  minutest  particle. 


INTRODUCTION. 

.  Poroaity. — All  bodies,  no  matter  how  hard  in  appearance,  are  nevertJieta 
porous  j  consequently  we  can  alter  and  modify  their  shape  and  si^e  tl 
heat,  pressure,  and  other  means. 
.  Eaertia. — By  this  term  is  indicated  the  fact  that  matter  is  incapable  A 
either  setting  itself  in  motion  or  arresting  its  own  progress  when  \ 
movement. 
b^ti.  Divisibility. — \W   substances    are    capable    of   separation    into   mia 
particles,  and  the  extent  to  which  this  division  may  be  carried  \ 
some  compounds  is  remarkable.     For  instance,  a  pail  of  water  hoI< 
two  gallons  may  be  distinctly  coloured  with  one  grain  of  indigo  < 
solved  in  sulphuric  acid,  and  yet  each  grain  of  the  water  in  the  vej 
will  only  contain  -^ « g'o  a  o  P^rt  of  a  grain  of  the  pigment.     Here  I 
question  arises,  Is  matter  really  infinitely  divisible,  or  is  there  a  poj 
at  which  divisibility  ceases  ?     The  latter  view  is  in  the  present  slate.^ 
science  most  commonly  held  to  be  the  correct  hypothesis ;  all  i 
being  conceived  as  the  aggregate  of  certain  inappreciable  partial 
named  molecnleB,  which  in  turn  are  derived  fjom  the  union  of  infintia 
more   minute   portions  of  elements  called  atoms.     The  atom  o/^ 
element  is  tkerefere  hdd  (o  mean  tiie  smallest  quantity  capable  of  exisia 
aiid  is  considered  absolutely  indivisible. 
Matter  in  the  condition  in  which  it  is  perceptible  to  our  senses  is  said  q 
■be  in  the  fret  state;  and  since,  previously  to  its  detection  by  our  organs  € 
^fcerception,  it  must  consist  of  myriads  of  atoms,  it  is  believed  that  a'  '^ 
Vtnol  exist  in  this  free  state,  but  tliat  they  must  be  combined  with  other  a 
f  the  same  or  of  a  different  element  in  order  to  form  molecules,  which  alone  f 
^sttme  that  condition.     If,  therefore,  we  wish  to  express  that  an  elemcnu 
hydrogen,  for  example,— is  in  a  free  state,  we  must  not  write  simply  H,  | 
Hj  ;  thus  intimating  that  at  least  hvo  atoms  have  coalesced  to  produce  a  moltH 
capable  of  existing  in  the  free  state. 


II.  ANALYSIS  AND  SYNTHESIS.    ELEMENTS  AND 
SYMBOLS. 

With  regard  to  matter,  the  chemist  makes  two  inquiries ;  ist :  \VTial  are  | 
ingredients?  and  znd:  Having  isolated  such  constituents,  how  are  they  to  8 
combined  so  as  to  reproduce  the  original  substance?  The  process  by  wM 
an  answer  is  obtained  to  the  former  question  is  called  analysis;  and  to  1 
latter,  syntheais. 

Analysis  is   the  chemical  pulling  to  pieces   of  a   substance    in   order  ^ 
discover  its  component  parts  ;  whilst  synthesis  is  the  building  up  of  a 
pound  from  its  ingredients.     For  example  ;  If  we  take  a  piece  of  alum  i 
submit  it  to  analysis,  we  can  prove  that  it  contains  oxides  of  aluminium  t 
potassium,  sulphuric  anhydride,  and  water.     If  we  then  take  these  substa 
and  separately  analyze  them,  we  find  that  they  in  turn  consist  of  aluminial 
potassium,  sulphur,  oxygen,  and  hydrogen ;  but  a  further  attempt  to  3Dal|j 
this  last  group  ends  in  failure.    We  have  reduced  our  alum  to  certain  ] 
n^dients  which  defy  our  best  efforts  to  ascertain  of  what  they  are  compose__ 
The  result  of  analysis,  therefore,  has  been  to  acquaint  us  with  a   certam ' 
■   Dumber  of  simple  bodies  which  we  call  "elements,"  by  the  mutual  combination 
,   of  which  all  matter  is  formed.     When  we  use  the  term  "  simple  bodies,"  the 
student  must  understand  that  the  elements  are  not  really  to  be  so  considered 
in  the  fullest  sense  of  the  word.     They  are  only  so  regarded,  because  our 
present  state    of  knowledge   fails   to   enable   us  to  discover  their  ultimate 
composition. 


ELEMENTARY  BODIES.—OXYGEN. 

There  are  about  sixty-five  of  these  simple  bodies  or  elements  known ; 
as  many  of  them  have  no  practical  or  commercial  use,  the  pharmacist  1 
really  to  do  with  only  about  thirty-eight. 

By  universal  consent,  each  element  is  represented  by  an  appropriate  1 
or  A.  combination  of  letters,  so  that  chemists  adopting  this  arrangenieni  n 
invariably  understand  what  element  is  meant  by  a  written  By mboL  The  c 
ception  of  expressing  simple  bodies  by  means  of  symbols  is  by  m 
modem,  btit  dates  back  to  the  days  of  the  alchymists.  Thus,  gold  was 
(epti^enled  by  a  rough  drawing  of  the  sun  ;  while  an  equally  uncouth  sketch 
of  a  half-moon  denoted  silver. 

The  names  of  the  elements  at  present  are  purely  arbitrary,  and  have  been ., 
bestowed  by  the  discoverers  from  some  fancied  special  properly :  such  as  ti 
designation  hydrogen,  derived  from  two  Greek  words,  signifying  "to  beg 
water."    The  following  is  a  list  of  the  elements  used  in  Pharmacy  with  t 
symbols,  the  commillmg  of  which  to  roemorj'  is  the  first  duty  of  the  leamet :' 


F.LEUENTAKY   BODlEf 

Atuminium 

Antimony 

Arsenic 

Barium 

Bismuth 


idroium 

ilcium 

Ihlorine 
Chromium 
Cop|}er         {Cuprum)  . 
Gold  (Aurum) 

liogen 


Symbols. 


Hydros 


V  Bodies. 
(/rm,,,,)     . 

{Plumbum) . 


Elemestar 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Nitrogen 

O-vygen 

Phosphorus 

Platinum 

Potassium       {Katiuin) 


SvMBOta 


Mg.| 


Silvt 

Sodium 

Sulphur 


{Argen/um) 
{Natrium). 


{-Sfaf. 


m.  PRELIMINAET   NOTICE    OP    POUR    TYPICAL 
ELEMENTS. 

PAll  the  eiementary  bodies  will  be  duly  considered,  and  carefuUy  describi 
n;their  proper  places,  but  meantime,  the  student  may  familiarize  himself  v ' 
pfew  preliminary  facts  about  the  most  common  elements  as  follows : — 
t  Q^gea. — Take  a  few  crystals  of  potassium  chlorate,  and  having  f^ 

rubbed  them  to  powder  in  a  clean  mortar,  place  the  powder  in  a 
perfectly  clean  and  dry  test-tube,  and  apply  the  heat  of  a  Bunsen 
burner.  The  contents  of  (he  tube  will  fuse  and  then  the  liquid  will  be 
seen  to  effervesce,  and  a  colourless  gas  will  be  given  off.  This  is  the 
clement  oxygen  in  the  free  state,  and  its  presence  may  be  shown  by_ 
holding  the  end  of  a  piece  of  stick  in  the  gas  flame  until  it  is  weF 
burned,  then  blowing  out  the  dame  and  holding  the  incandescei' 
point  just  over  the  mouth  of  the  tube.  Oxygen  being  the  grej. 
supporter  of  the  combustion  of  organic  bodies,  the  spark  will  glo^ 

■  'Hie  enlire  list  of  eleaieois  will  be  found  in  the  Appendix. 
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with  great  briiliancy,  and  once  more  burst  into 'flame.  ,  It  is  to  the 
fact  of  oxygen  being  a  constituent  of  the  air  we  breathe,  that  we  owe 
the  support  of  our  life,  which  is,  af^er  all,  only  a  slow  combustion.  _ 
^Vhcn  we  inhale  air  into  oui  lungs  the  oxygen  passes  into  the  blooc 
and  unites  with  some  of  the  carbon  to  form  carbonic  add  gas,  w)^4 
is  then  exhaled.  Oxygen  is  colourless  and  inodorous ;  and,  although  v 
supports  the  combustion  of  carbonaceous  matter,  it  will  not  itself  li^ 
flame  in  contact  with  the  air.  It  can  only  be  reduced  to  a  liquid  uni 
an  immense  pressure,  and  even  then  only  appears  as  a  fog  in  the  tnl 
when  the  pressure  is  suddenly  released  so  as  to  produce  intense  cold. 

.  Hydiogen. — Place  a  few  fragments  of  zinc  in  a  small  bottle,  add  a  little  " 
water  and  then  some  sulphuric  acid,  when  a  powerful  effervescence  will 
take  place,  and  a  colourless  gas  will  be  evolved.     This  is  the  element 
in  question  in  a  free  state.     Now  procure  a  cork  which  will  well  fit  the 
neck  of  the  bottle,  and  by  means  of  a  round  file,  make  a  hole  through 
it.     Into  this  hole  a  short  glass  tube,  drawn  out  so  as  to  form  a  jet,  is 
tightly  fitted,  and  the  bottle  is  then  dosed  by  the  cork  so  that  the  gas 
issues  from  the  jet,  and  when  the  whole  of  the  air  has  been  expd'    ' 
from  the  bottle,  cautiously  apply  a  light.     Perfect  safety  may  be  ensu 
by  first  collecting  portions  of  the  gas  in  a  small  test-tube  placed  ups 
down  over  the  end  of  the  jet.    Apply  a  light  to  ascertain  the  prese 
of  the  gas.     Faraday  recommended  that  the  bottle  should  not  be  t 
large,  so  that  the  atmospheric  air  might  easily  "be  swept  out  of  tl.. 
space  above  the  water."     The  hydrogen  will  lake  fire  and  bum  with  | 
very  feebly  luminous  bluish  flame.     This  flame  depends  on  the  imi 
of  the  hydrogen  with  the  oxygen  of  the  air  to  form  steam,  which  f 
can  be  proved  by  holding  a  cold  glass  shade  over  the  flame,  when  t) 
steam  produced  wilt  be  condensed  into  water  and  fonii  in  drops  < 
the  glass.     The  flame  of  hydrogen,  although  feebly  luminous,  i  ' 

ingly  hot,  as  may  be  seen  by  holding  a  fine  plariniun  wire  in 
it  will  become  intensely  incandescent.  A  small  fragment  of  lime  * 
also  be  strongly  heated,  and  it  is  thus  that  the  lime  light  is  produo 
with  the  exception  that  oxygen  and  hydrogen  are  mixed  just  bef^ 
combustion,  and  the  flame  urged  upon  the  cylinder  of  lime  by  presstlf 
Hydrogen  is  colourless  and  inodorous  ;  and,  although  it  will  thus ' 
in  the  air,  a  lighted  match  suddenly  plunged  into  a  bulk  of  thep 
gas  will  be  extinguished.  With  regard  to  ordinary  combustion,  hydh 
gen  is  thus  exactly  the  reverse  of  oxygen.  Like  oxygen,  it  c 
liquefied,  but  at  a  pressure  even  more  extreme. 

The  elements  just  described  are  respectively  the  troes  of  the  t 
great  classes  into  which  elements  are  divided.  As  will  be  afterwai 
more  fully  explained,  we  have  :— { i )  The  metallic  elements,  typified  f 
hydrogen,  which  usually  form  the  basylous  or  electro-positive  porti 
of  compounds;  and,  (2)  The  non-raetaliic  elements,  or  meUlloi. 
which,  either  by  themselves  or  when  united  with  oxygen,  form  li 
acidulous  or  electro-negative  part  of  compound  matter.  Just  i 
hydrogen  and  oxygen  are  typical  of  the  opposing  forces  of  elementq 
matter,  so  is  the  water  produced  by  their  combination  typical  I 
compound  matter,  made  up  by  the  union  or  mutual  saturation  of  t*^ 
Opposing  elementary  forces. 

.  Kitrt^en. — Take  asoup-plaieand  nearly  fill  it  with  water. 

of  phosphorus  in  a  small  porcelain  crucible  and  carefully  floaf  it  on 
the  surface  of  the  water.  Apply  a  light  to  the  phosphorus,  and  quickly 
invert  over  it  a  receiver  or  a  large  beaker.  The  phosphorus  will 
continue  to  burn  until  all  the  oxygen  of  the  air  in  the  beaker  is 


NITROGEN.— CARBON.  f 

abstracted,  when  it  will  be  extinguished,  and  the  receiver  will  be  filled 
with  white  fumes  of  phosphoric  acid  (anhydrous)  formed  by  the  unio 
of  the  phosphorus  with  the  oxygen.  After  the  whole  has  stood  for 
few  minutes  these  white  fumes  will  dissolve  in  the  water  and  disappear, 
and  only  a  colourless  gas  will  be  left  in  the  receiver.  This  is  nitrogen 
in  a  free  state,  separated  from  the  oxygen  with  which  ic  was  mixed,  not\ 
ambined^Oi.  the  air  we  breathe.  It  is  noticeable  that  at  the  con- 
clusion of  our  experiment  the  water  has  been  observed  to  rise  in  the 
receiver,  and  what  was  originally  all  air,  is  now  only  four-fifths  nitrogen, 
the  remaining  space  being  occupied  by  the  water  which  has  taken  the 
place  of  the  oxygen.  This  shows  us  that  our  atmosphere  is  mainly  a 
mixture  of  one-fifth  of  oxygen  and  four-fifths  of  nitrogen.  Now  intro- 
duce a  light  into  the  gas,  it  goes  out,  and  the  gas  itself  does  not  take 
fire,  therefore  nitrogen  is  neither  combustible  like  hydrogen,  nor  is  it 
a  supporter  of  ordinary  combustion  like  oxygen.  Of  what  use  then  is 
tl  in  [he  air?  \Vhy,  simply  as  a  perfectly  neutral  and  negative  body 
acting  as  a  diluent  of  ihe  activity  of  ihe  oxygen.  Nitrogen  is  an  im- 
portant consiituent  in  the  food  of  animals  and  plants,  and  all  those 
;  and  highly  active  bodies  the  vegetable  alkaloids  are  rich  i 
irbm- — Take  some  ordinary  animal  charcoal  and  wash  it  free  from 

'  'mpurities  by  hydrochloric  acid,  as  directed  in  the  Pharmacopcfiii 
under  Carbo  animalis  purifieatus.  The  resulting  black  powder  is  the' 
nearly  pure  element  in  the  free  state.  Heat  a  little  of  the  powder  on 
piece  of  platinum  foil ;  it  glows  and  burns  away.  This  is  owing  to  its 
uniting  with  the  oxygen  of  the  air  lo  form  carbonic  anhydride,  which  is 
a  heavy  colourless  gas  soluble  to  some  extent  in  water,  and  when  passed 
into  liquor  cai^h  turns  it  milky,  owing  to  the  formation  of  an  insoluble 
compound  called  calcium  carbonate.  .Ml  organic  matters  contain  car- 
bon ;  and,  in  fact,  the  study  of  the  compoimds  of  carbon,  other  than 
metallic  carbonates,  is  usuaJly  known  as  organic  chemistry.  To  prove 
this,  take  an  ordmary  tallow  candle  and  light  it,  when  it  appears  lo 
bum  away ;  but  this  combustion  is  nothing  more  than  the  combination 
of  the  carbon  and  hydrogen  of  the  tallow  with  the  oxygen  of '  the  air,  to 
form  carbonic  anhydride  and  water  respectively.  Invert  a  perfectly 
dry  wide-mouthed  bottle  over  the  flame  and  hold  it  there  until  the 
fiajne  is  extinguished  ;  then  quickly  insert  the  stopper  and  notice  that 
a  deposit  of  moisture  has  taken  place  on  the  glass,  owing  to  the  con- 
densation of  the  water  above  mentioned.  Next  introduce  a  littie  clear 
aqua  ealcis  and  shake,  when  a  deposit  of  calcium  carbonate  will  be 
formed,  proving  the  presence  of  the  carbonic  anhydride.  All  ordinary 
combustion  is  therefore  due  to  a  chemical  action  between  the  burning 
body  and  the  oxygen  of  the  air,  so  violent  as  to  heat  the  body  to  such 
an  extent  that  it  becomes  luminous.  Candle  and  ordinary  gas  flames 
thus  produced  are  hollow,  and  consist  of  three  distinct  zones: — ^(i)  The 
inner  portion,  where  no  combustion  is  going  on,  but  which  is  simply 
filled  with  the  combustible  matter  volatilized  by  the  heat,  (2)  The 
luminous  portion,  or  zoneof  imperfect  combustion,  in  which  the  carbon 
has  become  deposited  and  highly  incandescent.  This  is  explained  by 
the  fact  that  when  carbon  and  hydrogen  are  burnt  together,  the  latter 
has  a  much  more  powerful  attraction  for  the  oxygen,  and  burns  first, 
especially  when,  as  in  the  present  case,  the  air  only  plays  round  the 
outside  of  the  flame.  Thus,  some  of  the  hydrogen  being  abstracted, 
the  carbon  and  the  remainder  of  Ihe  hydrogen  deposits  as  soot  (i 
tiire  of  compounds  of  C  and  H  rich  in  carbon)  which  becomes 
descent  and  gives  the  light.     (3)  The  outer  portion,  or  zone  of  perfei 


4 


INTRODUCTION, 


combustion,  which  is  a  pale  and  almost  invisible  coating  enclosing  the 
entire  flame,  where  the  whole  of  the  carbon  and  hydrogen  unites  with 
the  oxygen  of  the  air  and  produces  intense  heat.  When  the  air  is 
partly  mixed  with  the  gas  before  arriving  at  the  point  of  ignition,  the 
middle  zone  is  supplied  with  sufficient  oxygen  from  the  interior  to  aid 
the  air  in  fully  burning  it  at  once,  and  thus,  although  luminosity  is 
sacrificed,  the  chemical  action  is  more  complete  and  Ae  flame  conse- 
quently much  hotter.  This' is  the  principle  of  the  Bunsm  burner^  which 
is  fully  described  hereafter.  (See  the  Author's  Analytical  Chemistry, 
Chap.  I.,  page  25.) 

Carbon  also  exists  in  the  form  of  the  diamond  and  of  graphite,  or 
plumbago  ;  and  elements  which  are  capable  of  thus  assuming  a  number 
of  forms  totally  distinct  in  physical  appearance  and  properties,  are  said 
to  be  allotropic  bodies. 

Having  thus  familiarized  himself  with  a  few  facts  about  the  four  most 
common  elements,  the  student  may  proceed  to  study  the  first  princi- 
ples of  the  theories  of  chemistry  and  the  notation  based  thereon. 


CHAPTER    II. 

THEORIES  OF  CHEMICAL   ACTION  AND  THE  MODES 
OF  EXPRESSING    THE   SAME  BY  FORMULA   AND 

EQUATIONS. 


I.  LAWS  OF  COMBINATION. 

The  idea  that  matter  is  composed  of  atoms  is  very  ancient,  as  we  find  it 
expressed  by  Democritus  and  other  Greek  philosophers ;  but  no  definite  sys- 
tem as  to  the  combination  of  atoms  had  been  established  until  about  1804, 
when  the  researches  of  the  eminent  English  chemist,  Dalton,  enabled  him  to 
lay  down  the  following  laws,  which  form  the  basis  of  all  our  present  notions 
of  chemical  combination  : — 

1.  Atoms  combine  with  each  other  in  a  fixed  and  definite  proportion  by 

weight  and  volume. 

2.  As  compound  bodies  are  produced  by  the  union  of  a  given  number  of 

such  atoms,  it  follows  that  the  molecules  of  these  compounds  must 
also  possess  in  their  turn  a  fixed  and  definite  combining  proportion 
by  weight  and  volume. 

3.  If  a  body  can  unite  with  another  in  more  than  one  proportion,  these 

proportions,  which  only  represent  the  weights  of  the  several  atoms, 
must  necessarily  be  simple  multiples  of  the  weights  of  any  one  oi 
them.     These  laws  are  usually  stated  as  follows  : — 

i.  The  Quantitative  Law. — A  definite  compound  always  contains  the 
same  elements  in  the  same  fixed  proportion. 

ii.  The  Law  of  Multiples. — Wheo  the  same  bodies  combine  in  more 
than  one  proportion,  the  resulting  compounds  contain  a  fixed  pro- 
portion of  one  element  in  a  varying  proportion  of  the  others  ;  the 
second,  third,  and  fourth  proportions,  etc.,  of  the  latter  being 
always  simple  multiples  of  the  first. 

iii.  The  Law  of  Reciprocal  Proportions. — The  proportions  in  which 
any  two  elements  unite  with  a  third  are  the  same  proportions  in 
which  they  unite  with  each  other,  or  multiples  of  these  proportions. 

As  an  example  of  the  first  law,  let  us  take  water.  No  matter  from  what 
source  it  may  be  obtained,  spring,  river,  or  rain,  it  invariably  contains  oxygen 
and  hydrogen  in  the  relative  proportions  of  1 6  of  the  first  to  2  of  the  latter 
by  weight  An  instructive  example  of  the  second  rule  is  found  in  the  com- 
pounds of  oxygen  and  nitrogen.  The  simplest  relation  in  which  those  bodies 
combine  is  28  of  nitrogen  and  16  of  oxygen.  The  next  compound  contains 
28  of  nitrogen  and  32  of  oxygen  ;  the  third,  28  of  nitrogen  and  48  of  oxygen  ; 
the  fourth,  28  of  nitrogen  and  64  of  oxygen  ;  and  the  fifth,  28  of  nitrogen  and 
80  of  oxygen.  Thus,  dismissing  the  nitrogen,  which  remains  constant,  let 
us  look  at  the  numbers  16,  32,  48,  64,  80  :  are  they  not  all  multiples  of  16, 
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combustion,  which  is  a  pale  and  almost  invisible  coating  enclosing  the 
entire  flame,  where  the  whole  of  the  carbon  and  hydrogen  unites  with 
the  oxygen  of  the  air  and  produces  intense  heat.  When  the  air  is 
partly  mixed  with  the  gas  before  arriving  at  the  point  of  ignition,  the 
middle  zone  is  supplied  with  sufficient  oxygen  from  the  interior  to  aid 
the  air  in  fully  burning  it  at  once,  and  thus,  although  luminosity  is 
sacrificed,  the  chemical  action  is  more  complete  and  the  flame  conse- 
quently much  hotter.  This'is  the  principle  of  the  Bunsen  burner^  which 
is  fully  described  hereafter.  (See  the  Author's  Analytical  Chemistry, 
Chap.  I.,  page  25.) 

Carbon  also  exists  in  the  form  of  the  diamond  and  of  graphite,  or 
plumbago  ;  and  elements  which  are  capable  of  thus  assuming  a  number 
of  forms  totally  distinct  in  physical  appearance  and  properties,  are  said 
to  be  allotropic  bodies. 

Having  thus  familiarized  himself  with  a  few  facts  about  the  four  most 
common  elements,  the  student  may  proceed  to  study  the  first  princi- 
ples of  the  theories  of  chemistry  and  the  notation  based  thereon. 


CHAPTER    11. 

THEORIES  OF  CHEMICAL   ACTION  AND  THE  MODE^ 
OF   EXPRESSING    THE    SAME   BY   FORMULA   ANf 

EQUATIONS. 


I.  LAWS  OP  COMBINATION. 

The  idea  that  matter  ts  composed  of  atoms  is  very  ancient,  as  we  find  IT" 
expressed  by  Democrilus  and  olher  Greek  philosophers  ;  but  no  definiti 
lem  as  to  the  combination  of  atoms  had  been  established   until  about  1804, 
when  the  researches  of  the  eminent  English  chemist,  Dalton,  enabled  him  t 
"ijy  down  the  following  laws,  which  form  the  basis  of  all  our  present  notioi 
(T  chemical  combination  : — 

,  Atoms  combine  with  each  other  in  a  fixed  and  definite  proportior 

weight  and  volume. 
,  As  compound  bodies  are  produced  by  the  union  of  a  given  number  o 
such  atoms,  it  follows  that  the  molecules  of  these  compounds  1         _ 
also  possess  in  their  turn  a  fixed  and  definite  combining  proportioa  ' 
by  weight  and  volume. 
.  If  a  body  can  unite  with  another  in  more  than  one  proportion,  these 
proportions,  which  only  represent  the  weights  of  the  several  a 
must  necessarily  be  simple  multiples  of  the  weights  of  any  0 
them.     These  laws  are  usually  stated  as  follows  : — 
The  Qaantitative  Laff. — A  definite  compound  always  contains  t 

same  elcmenis  in  the  same  fixed  proportion. 
The  law  of  Multiplefl.— Wheri  the  same  bodies  combine  i 

than  one  proportion,  the  resulting  compounds  contain  a  fixed  pro- 
portion of  one  clement  in  a  varying  proportion  of  the  others  ;  the 
second,  third,  and  fourth  proportions,  etc.,  of  the  latter  being 
always  simple  multiples  of  the  first. 
.    TI16  Law  of  Reciprocal  Proportions. — The  proportions  in  which-l 
any  two  elements  unite  with  a  tliitd  are  the  same  proportions  in" 
which  they  unite  with  each  other,  or  multiples  of  these  proportions, 
As  Jin  example  of  the  first  !aw,  let  us  take  water.     No  matter  from  what 
rcc  il  may  be  obtained,  spring,  river,  or  rain,  it  invariably  contains  oxygen 
d  hydrogen  in  the  relative  proportions  of  16  of  the  first  to  2   of  the  latter 
weight.     An  instnictive  example  of  the  second  rule  is  found  in  the  com- 
inds  of  oxygen  and  nitrogen.     The  simplest  relation  in  which  those  bodies 
nbine  is  28  of  nitrogen  and  16  of  oxygen.     The  next   compound  contains 
fiiS  of  nitrogen  and  32  of  oxygen  ;  the  third,  28  of  nitrogen  and  4S  of  oxygen; 
the  fourth,  28  of  nitrogen  and  64  of  oxygen ;  and  the  fifth,  28  of  nitrogen  and 
80  of  oxygen.     Thus,  dismissing  the  nitrogen,  which  remains  constant,  let 
-.i^jfwlc-  at  the  numbers  16,  32,  48,  64,  So  1  are  they  not  all  multiples  of  16, 
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the  simplest  proportion  ?  As  an  example  of  the  third  law  : — Chlorine  unites 
with  hydrogen  in  the  proportion  of  355  to  i,  and  iodine  also  unites  with 
hydrogen  in  the  proportion  of  127  to  i ;  therefore,  chlorine  combines  with 
iodine  in  the  proportion  of  35  5  to  127.  Seeing  that  these  combining  pro- 
portions by  weight  are  only  relative,  it  follows  that  they  must  all  be  rderred 
to  one  standard ;  and  as  hydrogen  is  the  lightest  known  body  in  nature,  it  is  taken 
as  unity f  when  other  bodies  are  found  to  combine  with  it  in  the  following 
proportions  by  weight,  which  figures  it  is  necessary  to  commit  to  memory.-^ — 

Hydrogen  ,     ,     ,     H,     ,     ,     ,     1, 


Elementary 
Bodies. 

* 

Combin- 
ing OR 
Atomic 
Weights. 

1 

Elementary 
Bodies. 

Combin- 
ing OR 
Atomic 

Weight  s. 

Aluminium 

Antimony 

Arsenic 

Barium 

Bismuth 

Boron 

Bromine 

Cadmium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Copper 

Gold 

Iodine 

275    ! 
122 

75 

137 

210      1 

1 
II 

80 

112 

40 

12 

92 

35*5 
525 

63-5 

196-5 
127 

Iron 

Lead 

Lithium 

Magnesium      .... 
Manganese.     ..... 

Mercury 

Nitrogen 

Oxygen 

.Phosphorus      .... 

Platinum 

Potassium 

Silver     ...... 

Sodium  ...... 

Sulphur 

Tin 

Zinc 

56 

207 
7 

55 
200 

14 
16 

31 

197 

39 
108       1 

23       ' 

32 
118 

65 

If  we  take  a  pint  of  hydrogen  and  a  pint  of  oxygen,  a  pint  of  nitrogen 
and  a  pint  of  chlorine  (all  measured  at  the  same  temperature  and  pressure), 
we  shall  find  that  although  the  bulks  are  equal,  the  oxygen  weighs  16  times, 
the  nitrogen  14  times,  and  the  chlorine  35*5  times  as  much  as  the  pint  of 
hydrogen.  We  conclude,  therefore,  from  this  simple  experiment  that  matter 
in  the  state  of  vapour  (its  simplest  condition)  is  equal  in  volume  but  different 
only  in  weight ;  and  what  is  thus  proved  to  be  true  as  to  a  given  volume, 
is  viewed  as  also  holding  good  with  regard  to  the  individual  atoms  which 
compose  that  volume.  Hence  it  is  reasoned  that  the  atoms  of  the  elements, 
although  equal  in  bulk,  differ  in  weighty  and  that  the  combining  proportions 
referred  to  in  the  above  table  must  be  the  actual  difference  in  weight  of  the 
individual  atoms  themselves.  Acting  upon  this  theory,  these  proportions  are 
called  the  atomic  weights  of  the  respective  elements.  That  those  combining 
proportions  are  really  the  true  atomic  weights  of  the  various  elements,  is 
considered  to  be  proved  by  physical  as  well  as  chemical  means.  The  amount 
of  heat  required  to  raise  equal  quantities  of  various  bodies  through  one 
degree  of  temperature  is  called  their  specific  heat.  If  this  specific  heat  be 
taken,  as  compared  with  that  of  water,  as  unity,  it  is  found  that  bodies  so 
examined  give  a  series  of  numbers  without  any  apparent  connection  ;  but  if 
the  atomic  heats  of  the  elements  be  taken  (that  is  the  amount  of  heat 
required  to  raise  atomic  weights  of  the  respective  bodies  through  one  degree) 
it  is  found  that  nearly  all  elements  give  a  similar  result.     In  other  words. 
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that  when  the  specific  he^ts  of  the  elements  are  multiplied  by  their  atomic 
weights  an  almost  equal  product  is  obtained.  The  following  table  will 
illustrate  this  uniformity : — 


Et.fments. 

Specific  Heat. 

02934 
01696 
00843 
0*0541 

o'o333 
0*0562 

Atomic 
Weight. 

Specific  Heat 

X 

Atomic  Weight. 

Sodium 

Potassium     .... 

Bromine 

Iodine 

Mercury 

Tin 

23 

39 
80 

127 

200 

118 

675 
6-6i 

675 
6*87 

6*66 

6-63 

If  we  extend  our  researches  from  elements  to  compounds,  we  find  that 
equal  volumes  of  compound  gases  also  differ  in  weight  in  the  same  fixed 
manner.  This  difference  is  therefore  regarded  as  representing  the  relative 
weights  of  the  molecules  of  the  compound  ;  and  for  similar  reasons  to  those 
already  given,  thi  combining  weight  of  a  compound  body  is  calUd  its  molecular 
weight,  and  is  aiways  equal  to  the  sum  of  the  atomic  weights  of  its  constituent 
elements.  Thus,  one  molecule  of  hydrochloric  acid  consists  of  i  atom  of 
chlorine  weighing  35*5  and  i  atom  of  hydrogen  weighing  i ;  the  molecular 
weight  of  this  acid  is  therefore  36- 5.  From  these  explanations  it  follows 
that  we  are  always  to  speak  of  the  combining  proportions  by  weight  as  the 
atomic  weights  of  elements,  and  the  molecular  7veights  of  compounds  or  of 
elements  in  a  free  state. 


n.  CHEMICAL  ACTION. 

This  action  is  characterized  by  the  grand  distinction,  that  whenever  it  is 
induced  a  complete  change  is  caused  to  take  place  in  the  bodies  affected. 
It  is  by  this  thorough  transmutation  that  true  chemical  energy  is  invariably 
recognised,  in  contradistinction  to  the  tame  effect  resulting  from  a  merely 
mechanical  mixture.  For  example  : — If  we  rub  together  some  sugar  and 
potassium  chlorate  we  obtain  a  white  powder,  in  which  the  ingredients  are 
intimately  mixed  together,  but  are  not  in  a  state  of  chemical  union  ;  for  by 
digesting  the  powder  in  spirit  we  can  dissolve  the  sugar,  leaving  the  potassium 
chlorate  exactly  as  it  was.  Let  us  now  add  to  the  same  powder  a  drop  of 
sulphuric  acid,  and  watch  the  astonishing  result  The  whole  mass  instantly 
inflames  ;  a  cloud  of  steam  arises,  and  a  black  residue  is  left,  from  which  no 
human  dexterity  can  recover  the  original  sugar  or  potassium  chlorate.  This 
experiment  illustrates  a  true  chemical  combination,  involving  an  entire  change 
in  the  bodies  acted  upon. 

Chemical  action  is  always  accompanied  by  an  alteration  in  the  temperature 
of  the  substances  combining,  and  frequently  an  api)reciable  amount  of  heat  and 
even  light  is  produced.  The  tyro  who  desires  to  be  made  sensible  of  the  heat 
produced  by  chemical  action,  has  only  to  grasp  a  test-tube  containing  water, 
and  add  quickly  about  one  sixth  of  strong  sulphuric  acid,  when  he  will  receive 
a  convincing  proof  of  this  assertion.  Many  circumstances  affect  the  rapidity 
and  even  determine  the  occurrence  of  chemical  action.  Chief  among  these  is 
solution.  This  is  exemplified  in  the  ordinary  granulated  citrate  of  magnesia, 
as  it  is  erroneously  named,  but  which,  as  commonly  sold,  is  chiefly  a  mixture 
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f  tartaric  acid  and  sodiiun  acid  carbonate.  The  mixture  remains  withe 
aiange  until  dissolved  in  water,  when  a  violent  effervescence  occurs,  the  fl 
fcdients  combining  to  Torm  a  new  substance,  called  sodium  tartrate.  Nf3 
.D  solution,  fleat  is  probably  the  most  potent  inducer  and  assistant  10  diemi 
ICtion.  We  may  rub  a  fragment  of  sulphur  against  a  bar  of  iron  for  i 
length  of  time  without  affecting  either ;  but  let  us  heat  the  iron  to  white 
)nd  apply  the  sulphur,  and  iron  sulphide  will  be  at  once  produced ;  a  S 

!  having  no  chemical  resemblance  to  either  of  the  ingredients  used. 
Ihemical  action  manifests  itself  much  more  strongly  between  certain  bodies 
lan  between  others,  and  it  is  by  reason  of  this  property  tiiat  we  are  enabled 
0  produce  one  compound  from  another.     For  example  : — If  we  mix  a  SI ' 
ton  of  mercuric  chloride  and  potassium  iodide  together  in  proper  proporiic 
d  bright  scarlet  substance  quickly  forms,  and  sinks  to  the  bottom  of  the  liqiij 
~' '    's  mercuric  iodide,  and  its  formation  has  been  accomplished  by  u" 
The  mercury  has  a  much  greater  affinity  for  iodine  than  the  p 

ises,  consequently,  the  former  displaces  the  latter,  and  unites  with  I 
odinc.  This  result  could  not  occur  except  by  reason  of  the  superior  n 
'station  of  chemical  force  between  the  atoms  of  mercury  and  iodine.  T 
ire  cases,  howjever,  in  which  the  force  between  certain  elements  is  so  nci, 
jalanced,  that  a  slight  change  of  circumstances  is  sufficient  to  determiiMji 
irhat  direction  the  action  shall  be  manifested.  For  example  : — Oxide  of  b 
lieated  to  redness  in  a  tube,  and  hydrogen  gas  passed  over  it,  becomes 
duced  to  metallic  iron;  while  its  oxygen,  combining  with  the  hydrogen,  ] 
duces  steam.  If,  however,  the  process  be  reversed,  and  steam  be  passed  a 
the  heated  metal,  oxide  of  iron  will  result,  and  hydrogen  will  escape,  "'  _ 
we  see  that  the  chemical  force  acting  between  the  elements  is  so  nearly  eqtial 
that  the  presence  of  an  atmosphere  of  either  hydrogen  or  steam  is  sufhcient 
to  determine  the  direction  of  the  action.  There  is  a  very  singular  aid  to 
chemical  action,  called  catolysu,  wherein  the  mere  presence  of  a  substance 
induces  or  hastens  chemical  action,  the  catalytic  substance  itself  remaining 
perfectly  unchanged  and  apparently  in  a  neutral  state.  For  example,  if  we 
heat  potassium  chlorate,  it  does  not  evolve  oxygen  until  a  tolerably  high 
temperature  has  been  attained ;  but  should  we  previously  mix  a  tittle  man- 
ganese peroxide  with  the  potassium  chlorate,  the  gas  is  liberated  at  a  much 
lower  degree  of  heat.  The  manganese  apparently  has  undergone  no  change, 
and  yet,  by  its  presence,  has  hastened  the  decomposition  of  the  potassium 
chlorate.  Catalysis  has  been  accounted  for  by  supposing  that  any  element 
may  exercise  an  influence  over  another  element,  even  when  circiinsstances 
cnlireiy  preclude  the  formation  of  adefinite  combination.  Thus,  in  the  above 
example,  the  metal  manganese  possesses  an  attraction  for  an  additional  atom 
of  oxygen  over  the  two  already  contained  in  manganese  peroxide;  and  although, 
at  a  raised  temperature,  that  third  atom  cannot  actually  be  brought  into  union, 
yet  the  attraction  so  exercised  causes  the  oxygen  to  be  much  more  readily  set 
free  from  the  potassium  chlorate  than  it  would  otherwise  be.  _ 


UI.  COMBINATION  OF  GASES  BY  VOLUME.  ■ 

We  have  already  seen  that  equal  volumes  of  elementary  gases  differ  in  weight 
exactly  in  the  same  ratio  as  their  atomic  weights.  The  weight  of  any  portion 
of  matter,  compared  with  that  of  an  equal  bulk  of  another  portion  taken  as  a 
Klandard,  is  called  its  Specific  gravity,  in  the  cases  of  hquid  or  solid  bodies, 
their  specific  gravity  is  taken  as  referred  to  the  standard  of  an  equal  bulk  of 
distilled  water  at  a  fixed  temperature  ;  but  in  the  case  of  gases  we  use  hydro- 
gen measured  and  weighed  at  o°  Centigrade  (French  thermometer)  and  769, 
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millimetres  pressure  (French  barometer)  as  a  standard  of  comparison  ; 
whcii  io  taken  the  specific  gravity  is  usually  called  density.     By  a  scries  J 
experiments  it  h:is  been  found  that  the  density  of  all  elementary  gases  l 
eqoal  to  their  atomio  weights.     One  gramme  of  hydrogen  weighed  at  o"  fl 
and  760  mm,  barometrical  pressure,  occupies  a  space  of  1 1  -j  litres ;  and  | 
wc  empty  out  the  hydrogen  and  substitute  oxygen,  we  find  llial  the  same  buffl 
weighs  if>  grammes  ;  if  nitrogen,  14  grammes;  and  if  chlorine,  3S'5  grammes  fl 
therefore  we  establish  the  rule  that  the  atomic  weight  of  any  elementary  gas,  ' 
v/eigAfd  in  grammes,  always  occupies  1 1  2  litres.     Turning  to  compoimd  gases, 
we  discover  that  their  density,  referred  to  hydrogen,  is  equal  to  exactly  half 
their  molecular  weight ;  according!/,  wc  conclude  that  the  molecule  of  a  com- 
pourid  gas  occupies  a  space  exactly  double  that  filled  by  an  atom  of  hydrogen. 
If  wc  weigh  out  36'g  grammes  of  hydrochloric  acid  {H  =  1  +  CI  =  35'5)  we  find 
that  it  fills  a  space  of  22-4  litres;  and  extending  the  experiments  to  other 
cniniinutKl  vapours  we  Etscertain  that  the  results  agree,  and  i\iiA  the  molecular 
f  iiny  compound  gas,  u-eiglud  in  grammes,  always  occupies  324  litrti.^ 
!in,  therefore,  that  no  matter  how  complicated  a  molecule  may  b  , 
^■|[ual  in  volume  to  two  atoms,  and  its  whole  bulk  is  exactly  tivicc  tki 
J  ii'iy  one  atom  of  tlte  constituent  elements  used  in  Us  production. 
ejanee  at  the  following  table  will  explain  this,  and  in  order  that  the  a 
■Mftjr  be  perfectly  clear  we  have  adopted  the  familiar  volume  of  one  gallon  :• 
^B       1  gallon  H  and  i  gallon  CI  =  J  gallons  HC!  {hydrochloric  acid). 
■       3       „      H     ,.     I       „      0  =  1         „     HjO  (steam), 
^r      3       »      H     „     r       „      N=  2         „     NHj  (ammonia). 
Hfilt   we  rarely  meet  with  a  general  rule  which  is  universally  applicable  ;b 
^merefore  it  is  not  astonishing  to  find  several  exceptions  to  the  axioms  jumi 
propounded.     It  has  been  proved  by  experiment  that  the  densities  of  ths'l 
vapours  of  phosphorus  and  arsenic,  instead  of  coinciding  with  their  atomic  I 
weight,  are  double  ;  so  it  follows  that  the  atoms  composing  such  fumes  only  i 
occupy  half  the  volume  of  an  atom  of  hydrogen.     Instead  of  31  grammes  0' 
phosphorus  vapour  occupying   11-2  litres,  it  requires  62  grammes  to  fill  thftV 
space;  and  similarly,  instead  of  75  of  arsenic,  \^o  are  required.    Thus  : — 
3  galls.  H  and  i  gall.  P    =  2  galls.  PH,  (phosphuretted  hydrogen). 
3     I,       H  „     i     „    As  =  2     „     AsHj  (arseniuretted  „       ). 

On  the  other  hand,  mercury  and  cadmium,  when  in  vapour,  are  found  I 
possess  a  daisity  only  half  as  great  as  their  atomic  weights ;  therefore  2 ' 
^■oninies  of  mercury  vapour  will  occupy  iz '4  litres  instead  of  11 '2;  and  j 
Hnlows  that  two  volumes  of  mercuric  chloride  (HgCU)   must  contain  twar| 
HbfetOKS  of  Hg  and  two  volumes  of  CI. 
BCThe  complete  law  of  the  combination  of  elements  in  a  gaseous  state  by 
Brahune  is  usually  stated  as  follows  : — 

V  .  The  combining  volumes  of  all  elementary  gases  are  equal,  excepting  those 

Kjpf  phosphorus  and  arsenic,  which  are  only  half  the  others ;  and  those  of 

Rpweiiry  and  cadmium,  which  are  doable  those  of  the  other  elements. 

BL' There  are  several  compounds  which  do  not  appear  to  follow  the  law  of 

H^etT  molecules  in  a  state  of  vapour,  each  being  equal  in  volume  to  two  atoms. 

HFIqs  is  accounted  for  by  the  explanation  that  it  is  impossible  to  take  their 

^6oo«ct  densities  as  regai-ds  hydrogen,  as  they  evidently  undergo  some  change, 

denominated  dissociation,  when  a  sufficiently  high  tempei^ture  is  applied  in 

wder  to  obtain  them  in  the  gaseous  condition.     Ammonium  chloride,  for 

iosiancc,  which  is  one  of  these  exceptional  bodies,  appears  to  become  disso- 

■^ated  into  hydrochloric  acid  and  ammonia  gases  when  heated  to  the  state    , 

|u  vapour;  but  again  reunites  and  returns  to  its  original  partnership  whenever  I 

Hb^einperature  is  permitted  to  fall.  ^1 
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IV.  ATOMICITY. 


On  glancing  at  Uie  table  of 


combination 
:ombines 


by  ^■oll 


mejiisi  giv( 


lation 
table 


m-~ —  -   T r^  ■   ^^'^^  °'^^'  'o  produce  a 

JjDoleaile  of  HCI,  yet  that  i  atom  of  O  requires-  j  atoms  of  H  to  form 
•jBolecuIe  of  HjO.  In  this  latter  case  il  is  evident  that  a  condensation  takes 
place,  and  that  liieatom  of  oxygen  possesses  the  power  of  fixing  and  saiurating 
as  it  were,  a  aioms  of  hydrogen.  Here,  therefore,  we  discover  a  relatitwi 
between  atoms  totally  distinct  from  their  atomic  weights.  The  following  table, 
exhibits  this  new  relation  : —  "   ' 

I  molecule  HCI  contains  i  atom  of  H  and  i  atom  of  CL 
I  „  H3O  ,.  2  ■'  H  „  I  „  o. 
I  „  NH3  „  3  ..  H  „  1  „  N. 
I  „  CH«  „  4  -,  H  „  I  „  c. 
(Maish  Gas) 
\  This  relation  of  bodies  lo  each  other  in  atom-iixing  power  is  called  at<»nitaa 
Bd  occasionally  quantivalenoe.  Atomicity,  therefore,  m.iy  be  described  ^v 
■  e  measure  of  the  power  which  one  atom  possesses  of  invariably  attracting  to 
wif  a  given  number  of  other  atoms.  It  is  the  value  or,  as  it  were,  thecapacily 
r  saturation,  which  atoms  bear  to  each  other.  This  value,  which  must  be 
kepi  totally  distinct  in  the  student's  mind  from  the  idea  of  atomic  weight,  is 
however,  like  the  latter,  referred  to  hydrogen  as  unity.  Atoms  which  are 
capable  of  fixing  only  i  atom  of  hydrogen  to  form  a  stable  compound,  are 
called  monads,  like  chloric;  those  which,  like  oxygen, 

can  always  fix  2  atoms  of  a  monad  are  called  dyads ;  those  that 
can  fix    ..     3  „  »  triads; 

„      .     .    4  >.  "  tetrads;        ,, 

,[      .     .     6  >i  .1  pentads;        „ 

"      .     ,    6  „  n  hexads. 

The  atomicity  of  bodies  is  represented  by  small  ticks  and  Roman  figure 
IpUced  over  the  symbol,  as  follows  ;  — 

Monad H' 

Dyad .O" 

Triad Bi'" 

Tetrad C" 

Pentad P' 

Hexad S" 


V.  GKAPHIC  FORMUL.a]   AS  EXPONENTS  OP  THE 

DOCTRINE  OP  ATOMICITY. 

In  order  to  render  the«lheory  of  atomicity  easy  of  comprehension,  it  ll 

been  assumed  that  atoms  possess  a  certain  number  of  points  of  saturatic 
which  must  be  joined  to  other  atoms  before  a  stable  molecule  can  be  p 
duced,  capable  of  existence  in  a  free  state.     It  is  sometimes  custi 
represent  this  junction  by  hieroglyphics,  called  graphic  formnls,  in  b 
symbols  of  the  atoms  are  represented  as  being  united  to  each  other  by  c 
lines  e(|ualling  in  number  the  bonds  of  union  they  are  supposed  to  p 
In  using  such  formula,  care  must  be  taken  to  distinguish  between  the  ihec 
rclica!  and  the  actual  ;  the  diagrams  are  intended  for  purposes  of  explaoal 
only,  and  they  cannot  be  held  as  actual  represeiitatioiis  of  the  real  o 
Btitutioii  of  the  molecules  they  illustrate.     For  example  : — If  the  atom  t 


GRAPHIC  FORMULA. 

hydrogen,  which  is  a  monad,  be  represented  by  H,  then  hydrogen  in  the  fi 
state  is  produced  by  a  saturation  of  tlie  bond  of  union  by  another  atom  of  ¥. 
consequently  a  molecule  of  Tree  hydrogen  is  graphically  portrayed  thus,  H — Ht^ 
Following  up  this  system,   the  molecules  tepresenied   in  the  last    table  i 
examples  are  graphically  formulated  as  follows  : — 
I  molecule  of  hydro-   1  „p,      i  molecule  of  I  jj  n      ^  molecule  of  \ 
chloric  acid  j  '  steam,  J     *   '        marsh  gas 

H 


CH^J 


H 

In  the  same  manner  in  which  two  atoms  of  hydrogen  unite  to  form  a' 
molecule,  may  the  atomicity  of  other  atoms  be  modified  by  selfsaturation. 
Thus,  carbon  which  is  represented  above  as  exhibiting  its  full  atomicity  ^ 
CHy  may  form  an  almost  illimitable  series  of  compounds  with  hydrogen  I' 
self-salii ration  of  one  or  more  of  its  bonds  of  union  with  other  carbon  atom 


H 

I 

H— C— H 

A 

orCH,. 


Ethyl  hydride. 
H     H 

I       i 

H— c— c— ir 

I     I 

H     H 

or  CjHj. 


H 


Propyl  hydride, 
H    H    H 

I       I      i 
C— C— C— F 

I       I       I 
H     H     H 


Many  elements,  in  this  manner,  form  various  series  of  compounds  in  whicjlil 
ihey  exhibit  loLilly  different  atomicities.  Among  these  ought  to  be  specialte^^ 
mentioned  nitrogen,  phosphorus,  arsenic,  antimony,  and  bismuth.  ThoaeJl 
atoms  which  are  truly  pentad,  possessing  the  power  of  fixing  five  atoms  of  9, 
mooad,  may  become  triad  by  the  self-saturation  of  two  of  their  bonds.  Fo( 
esample  : — Nitrogen  forms  a  compound,  called  ammonia,  which  can  exi 
liberty;  but  should  it  be  brought  into  contact  with  hydrochloric  acid,  thfr 
two  sdf-saturati|)g  bonds  will  at  once  unite  with  the  elements  of  the  acid,  wheisL 
B  new  and  more  stable  compound,  named  ammonium  chloride,  will  be  formed^'fl 
—  in  whicli  the  nitrogen  will  exhibit  its  full  pentad  atomicity,  thus  ; — 


Ammonia,  NHj. 

H 

I 

H— N— H 

V 


Ammonium  Chloride,  NH,CI. 
H     H 
V 


r  metals  likewise  exhibit  this  properly  in  a  marked  degree.     For'" 
mce,  mercury  is  in  its  fullest  state  a  dyad,  Hg",  but  by  two  atoms  self-: 


[Sting  each  other  at  one  bond,  a  combination  Hga  is  produced,  which  also 
ts  a  dyad.     The  first  forms  a  class  of  salts  called  mercuric,  and  the 
d  gives  birth  to  menurous  compounds.     Their  respective  chlorides  may 
B  tluu  represented : — 

Mercuric  chloride,  Hg"Ci;.  Mercurous  chloride,  HgXl.. 

"1-Hg— CL  '  CI— Hg— Hg— CL" 

B  s  metal  behaves  in  this  manner,  the  terminations  wand  ous  are  adopted ; 
s  Conner  to  distinguish  the  compounds  in  which  the  fullest  atomicity  is 


t 
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exhibited,  and  the  latter  to  mark  the  partially  self-saturated  salts.  Thus  we 
have  cuprous  and  cupric,  stannous  and  stannic,  ferrous  and  ferric  compounds, 
each  class  bwning  conspicuous  reactions  which  enable  us  to  discern  between 
the  two  states  of  the  same  metal 


VI.   RADICALS,   ACIDS,  AND  BASES. 

When  a  molecule  is  not  fully  saturated  in  all  its  atomicities,  it  cannot  exist  in 
the  free  state,  except  by  union  with  another  molecule  of  itself.  Such  unsatu- 
rated molecules  may,  however,  be  transferred  from  one  compound  to  another 
without  decomposition,  and  are  then  named  Ra.dical8.  The  atomicity  of  radi- 
cals is  always  equal  to  the  amount  of  unsaturated  bonds  which  they  possess. 

H 

For  example,   CH^  (marsh  gas)  is  a  fully  saturated  compound,  H — C — H 

I 
H 

which,  although  it  can  exist  in  the  free  state,  cannot  combine  with  any  more 

atoms.    On  the  other  hand,  the  radical  CH3  (methyl)  has  one  bond  unsaturated, 

H 

I 
H — C —    ,  and  it  cannot  of  itself  become  free,  but  it  can  combine  with  other 

I 

H 

elements  or  radicals,  behaving  as  a  monad ;  and  thus  its  chloride  is  CH3CI, 

I      .  . 

or  graphically  H — C — CI.     A  radical  is,  therefore,  an  unsaturated  compound 

H 

which  can  enter  into  combination  and  be  transferred  from  one  compound  to 
another  without  decomposition,  exactly  like  an  element.  Many  chemists 
prefer  to  use  the  word  radical  for  all  bodies  which  behave  as  elements,  the 
latter  being  called  simple  radicals,  and  the  unsaturated  groups  of  atoms, 
Gompound  radicals.  When  radicals  are  examined,  they  are  discovered  to  be 
in  opposite  states  as  regards  electricity,  some  being  electro-negative,  and 
others  electro-positive.  In  forming  compounds,  it  is  but  rarely  that  the  two 
radicals  in  the  compound  are  in  the  same  electric  condition ;  as  a  rule,  a  com- 
pound body  is  composed  of  an  electro-positive  and  an  electro-negative 
radical,  thus  restoring  the  balance  of  electrical  force  in  the  new  substance 
formed. 

Before  further  developing  the  theory  of  atomicity  of  radicals,  it  is  necessary 
that  the  definition  of  certain  familiar  chemical  expressions  be  laid  down  and 
clearly  understood. 

1.  An  Acid  is  a  compound  of  an  electro-negative  radical  with  hydrogen, 

which  hydrogen  it  can  part  with  in  exchange  for  a  metal  or  basylous 
radical.     This  hydrogen  is  called  the  "  replaceable  hydrogenP 

2.  An  Acidulous  Radical  is  an  element,  or  unsaturated  group  of  elements, 

possessing  electro-negative  properties,  and  capable  of  combining  with 
hydrogen  to  form  an  acid  or  with  a  basylous  radical  to  form  a  salt. 

3.  A  Basylous  Radical  is  a  metal  or  unsaturated  group  of  elements  possess- 

ing electro-positive  properties,  and  capable  of  displacing  the  replaceable 
hydrogen  of  an  acid  to  produce  a  silt. 


BASy'LOUS  RADICALS. 


Vn.    SALTS,  AUD   THEIR  MODE  OP   FORMULATION.   AS 

BASED  ON  A  KNOWLEDGE  OF  ATOMICITT. 

A  s.ilt  is  the  result  of  ihe  displacement  of  hydrogen  from  an  acid  by  H 

K'J=>-lnti';  mijical,  and  15  therefore  composed  of  an  electro-negative 

iiivL-  radical,  in  union  with  each  other.     AIJ  acids  are  capable  0 
'  >  [o  a  lorg  series  of  sails  by  the  displacement  of  their  hydrogen  by"  j 
>  lous  r^icals ;  but  it  is  a  matter  of  indifference  which  of  the  latler  1 
.    liii  function,  the  acidulous  radical  remains  unchanged  as  the  C/^ 
liv  "lui  h  surh  class  of  salts  are  always  characterized.     Take,  for  exaniplej 
hydrochloric  acid  (HCl).     This  is  proved  to  be  an  acid,  because  by  pn 
scniing  a  metal  to  it  ^e  can  displace  the  H,  and  form  a  metallic  chloridiJ 
such  as  jMitassiiim  chloride  (KCl).     This  chloride  is  the  result  of  such  dija 
plarement,  and  is  a  salt  containing  the  basyloiis  radical  K  in  union  with  th| 
acidulous  radical  CI.     We  may  displace  the  K  by  any  other  basylous  t 
and  form  a  chloride  of  the  new  radical,  but  the  CI  remains  through  all  chlorich 
as  the  unchangeable  portion  without  which  chloride  cannot  exist.     Agati 
(SO^)'  is  an  unsaturated  group  which  acts  as  a  dyad,  and  which,  combindj 
with  Iwo  atoms  of  monad  hydrogen,  forms  atUphuric  acid,  H,'  (SO,)".     tS 
hyiltogi-n  may  be  displaced  with  any  basylous  radical,  forming  a  class  of  salt| 
G^leiJ  sulphates.      We  can  thus  have  potaasinm  sulphate   Kg'  (SO^)',  < 
sodium  siUphate  Na^'(S04)'';   but   the  (SO,)  never  varies,  and  is  the  L».| 
drsinictible  group  without  which  no  sulphate  can  cxlsL     It  will  be  seen,  1 
therefore,  that  it  is  of  the  utmost  importance  to  become  famihar  with  the! 
names,  fonoiiliE,  and  atomicities  of  the  commoner  radicals,  both  basylous  an^'fl 
acidulous.     The  following  tables  are  subjoined,  and  ought  to  be  thorough 
committed  lo  memory. 


Tahle  of  the  Active  Atomicities  of  the  Chief  Basyloua  Badlcals. 


ELECTRO-POSITIVE. 


Nank. 
Hydrogen 
Patasi«ii!iii 
Sodiuni    .     . 
Uthium  .     . 
^  SUTcr  . 

mmoniuni  - 

nhyl 

01,1. 


As. 

<C,H,). 
(C.H„). 
(C,H,). 


DVAUS  {laHtiimaf) 

Name.                                FormviJ 

Mercury  (mercuric)  .     .     . 

He. 

„         (mijrcurous)     .     . 

(Hg,). 

Tin  (stannous)     .... 

Sn. 

Cerium  (cerous)  .... 

Iron  (ferrous)      .... 

Fe. 

Cobalt  (cobaltous)    .     .     . 

Co. 

Nickel  (nickelous)    .     .     . 

Ni. 

THIAHS. 

Gold  (auric) 

Au. 

Antimony  (antimonious)    . 

Sb. 

Bismuth  (bismuihous)  .     . 

Bi. 

Glyceryl 

(C.H, 

TETKADS. 

Tm  (stannic) 

Sn. 

Platinum 

1>1 

HEXADS. . 

Iron  (ferric) 

(*',>^ 

Aluminium  (aluminic)  .     . 

(AJ,)., 

Chromium  (chromic)    .    . 

(Cr,). 
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Table  of  the  ActiTe  Atomicities  of  the  conuBoiier 

or  Addnlou  T^^^^^^^^y 


Te 


M0XAD5. 


Name. 

Hydrides  .     .     . 

Hydrates  .     . 

Chlorides  ...     . 

Hypochlorites     . 
Chlorates  . 
Iodides. 

lodates .... 
Bromides  . 
Bromates   . 
Fluorides  . 
Nitrates     . 
Nitrites.     . 
Cyanides   . 
Acetates     .     .     \ 
Valerianates  . 
Sulphocyanides   . 
Hypophosphites . 

Metaphosphates . 
Benzoates . 
Cyanates  .     .    . 
Formates  . 
Oleates.    .    . 


FORMVl-C. 

H. 

HO. 

CL 

CIO. 

ClOj. 

I. 

10,, 

Br. 

BrOj. 

F. 

NO., 

NOj. 

CN  or  Cy. 

C.HA:- 

CjHjOj. 

CNS. 

PH,0^ 

POs. 

C-HA- 
CNO. 

CHO^. 


Name. 


DYADS  {c^rnHnm^, 


FORMULC 

Thiosulphates  {cr  '         *" 

^-ipnate::* SO.. 

Caroonates qq 

Oxalates ...  C  C) 

TRIADS. 

Phosphates  .    .  pQ 

Aiseniates    ...'.'.  Asd. 

LitTJtes  ...  r*  M Vk 

Malates  ..."  C  H V' 

Meconates  .     .     .     .     ."  CyHOTf" 

TETRADS. 
Ferrocyanides  -     .     .      (  ^^^«N« 

Silicates Sio''^^*- 

P)Toarseniates .     .     .     .    As^Oy. 


Oxides . 

Sulphides 


DYADS. 


HEXAD. 


O. 

s. 


Ferricvanides 


I  or  FcjCyij. 

Let  us  illustrate  the  mode  of  using  the  foregoing  tables  in  order  to  arrive 
at  the  formulae  of  any  known  compounds  : 


Plumbic  iodide  is  now  required  to  be  wTitten.  Lead,  Pb,  in  plumbic  salts 
is  a  dyad ;  iodide,  I,  is  a  monad  :  therefore,  the  latter  must  be  multiplied  by 
two  to  make  it  balance  the  former,  so  the  formula  of  the  salt  is  Pb^'Ij'. 

Here  the  student  must  recollect  that  in  chemical  noizXion  all  simple  radicals^ 

such  as  /,  are  multiplied  by  small  figures  placed  immediately  after  and  under 

the  line  of  the  symbol,  as  in  the  formula  just  depicted.     Compound  radicals^ 

on  the  other  hand,  are  multiplied  by  placing  large  figures  before  them.      Thus, 

suppose  we  wish  to  indicate  two  molecules  of  the  radical  of  nitrates ;  we  \iTite 

2N0.J.      It  would  not  be  correct  to  write  NoOg,  because  the  instant  the 

formula  NO3  is  altered,  it  no  longer  represents  a  nitrate.     Compound  radicals, 

therefore,  must  not  have  their  small  figures  changed,  but  must  invariably  Ije 

multiplied  by  the  large  figures  placed  on  the  left ;  and  in  cases  where  the 

formula  is  long,  a  pair  of  brackets  is  also  desirable,  thus— Pb''2(CaH30oy. 

As  an  example  we  shall  take  the  series  of  sulphates  : — The  radical  S64  being 

a  dyad    the  formulae  of  its  compounds,  first  with  a  monad  radical,  such  as 

potassium    secondly  with  a  dyad  radical  like  calcium,  and  thirdly  with  a 

h<  r  ferric  iron,  will  be  as  follows  :  — 


FOffMt'LATWN  OF  SALTS. 


FotuBium  Bolphate 
Calcium  snlphate  . 
Ferric  sulfate 


K.j'CSO^)". 
Ca'(SOJ'. 


In  ihe  ferric  sulphate  wc  iiave  a  baUnce  of  value  similar  to  that  produced  b 
iwo  til rei; penny  pieces  on  the  one  haiid,  and  three  sets  of  twopences  <. 
other.     Ooc  more  cjtample  will  suffiee.     The  radical  of  phosphateB  is  (POi)"^ 
PbOBphoric  acid    (the  radical    combined  witii  hydrogen)   will  iherefoie  I 
Hj'i.PUt)'"     Just  as  three  pennies  are  equal  in   value  to  one  threepeni 
(iiece. 

CaJcinm  phosphate  will  present  at  first  sight  a  greater  difficulty,  because^ 
the  dkium  being  a  dyad,  the  question  arises.  How  are  two  and  three  to  be 
oioliiplicd  so  as  to  be  equal  iu  value?  By  considering  this  sulistance  aa 
roone}',  the  problem  may  easily  be  solved.  Each  (PO,)'"  represents  a  tbree- 
ptfony-piepe,  and  each  Ca"  may  stand  for  twopence  ;  so,  as  two  threepenny- 
|iieces  will  balance  three  sets  of  twopence,  giving  an  equal  value  of  sixpence, 
the  formula  will  be  three  of  Ca"  and  two  of  (POJ'"  The  Ca'  being  a  simple 
miJicji',  ij  multiplied  by  a  small  figure,  and  ihe  (POJ'",  being  compound,  is 
!   I>y  a   large  figure,   making  the  formula  of  calciom  phospbate 

ual  nomenclature  a  salt  ending  in  ide,  is  produced  by  the  union 

Ic-  acidulous  radical  with  a  base,  as  iodine,  I.  potaBsiom  iodide, 

K  I.     A  salt  ending  in  He,  is  derived  by  displacement  of  hydrogen  from  an 

acid  ending  in  oui,  as  aalphnroua    acid   H.^'^SO.)",  potaBsium    sulphite 

IC,'(SO,)'. 

A  x^li  ending  in  ait  is  obtained  from  an  acid  having  a  compound  acidulous 
radiral,  the  name  of  which  ends  in  /V,  as  snlpharic  acid  Hj^SO^)',  potaBaiom 
nUphftte  K,j'(.SOi)'. 

^\'fun  the  atomicities  of  the  acidulous  radical  are  fully  saturated  by  a  base, 

■■  ).  a  tuutral  salt,  as  K'l',  K^XSO^)",  Ca3"j(P0,)'".     But  when  an 

i.idical  combines  ivith  a  basylous  one  of  a  lower  atomicity,  the 

iii.iy  only  be  partially  replaced  by  the  base;  sucit  an  event  signal- 

.  :  iiluction  of  what  is  named  an  add  sail;  as  K'H'(SOJ"  (acid 

milphat«) ;  Ca'H,'2(P0,) "  (acid  calcinm  phosphate).    Anotharl 

:s  of  salts  may  be  formed  by  the  displacement  of  part  of  the  a 

■vygen.     Such  salts  are  called  cv/ salts,  sometimes  iiitsic  salts. 

.    take  bismuth  uitrate.     Bismuth  being  a  triad  requires  ihreol 

-f  the  monad  nitrate,  and  the  formula  is  therefore  Bi"'3(N0j)'; 

.    :iie  monad  (NOj)'  may  be  displaced  by  the  dyad  oxygen,  and  we 

Uie  formula  h\"0''{^0^'   (biemuth  oxynitrate).     Many  of  the 

pi.  ...x..  s.Jiji  thus  formed  are  termed,  although  incorrectly,  sub  in  the  BritisI 

Pivmaac'jpceia  j  thus,  bismuth  oxynilrate  is  called  bismuthi  subnitms. 


Vni.  SITMMART  OP  THEOEIES. 

^  I.  An  etoment  is  a  substance  which  cannot  be  analyzed.  It  is  represented 
a  iTmbol,  witich  in  its  turn  indicates,  when  written  {a)  one  atom  of  the 
;  {SI)  one  atomic  weight,  which  is  the  invariable  quantity  in  which  a 
it  combim^s  with  other  substances  by  weight ;  (/)  the  atomicity  or  con 
value  of  ihe  atom  with  other  atoms  ;  (ff)  a  volume  in  the  gaseous  state  equal 
to  s  single  volume  of  hydrogen. 

1 1.  A  compound  or  an  element  in  the  free  state  is  produced  by  the  union  " 
of  at  least  two  atoms.     It  is  represented  by  a  formula  which  signifies  (a')  one 
molecule  of  the  compound  ;  (S)  one  molecolai  weight,  eqtulling  the  sum  of 
ll»e  atomic  wdghls  of  the  elements  of  which  it  is  composed ;  (y)  its  atomicity. 
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or  combining  value  as  regards  other  substances ;  (d')  a  Tohmie  in  the  gaseous 
state  equalling  two  Tolumes  of  hydrogen. 


DL  EMPIEIGAL,  MOLECULAB,  and  RATIONAL  or 
CONSTITUTIONAL  FOBMUUE. 


The  union  of  sjnnbols  to  express  the  constitution  of  a  compound  body  is 
called  a  formula.  Of  such  means  of  expression  we  have  three  varieties  :  (i) 
The  empirical  formula,  merely  giving  the  simplest  possible  expression  of  the 
ratio  in  which  the  elements  are  combined  in  the  compound.  (2)  The 
molecular  formula,  giving  the  actual  number  of  atoms  supposed  to  be  con- 
tained in  each  molecule  of  the  substance,  as  distinguished  from  the  mere 
numerical  ratio.  (3)  The  rational  or  constitutional  formula,  which  goes 
still  further  and  professes  to  show  how  the  atoms  are  really  arranged, 
according  to  the  theory  accepted  and  desired  to  be  demonstrated.  Examples 
of  these  three  varieties  may  be  found  in  the  case  of  acetic  acid ;  viz  : — 

CHjO.    Empirical  formula  (simplest  relation  of  the  atoms  only). 
C2H^02.  Molecular  formula  (true  number  of  atoms  in  each  molecule). 
WC  HO       1  Rational  or  constitutional  formula  (the  first  showing  it  to 
C  H  O^HO     >     ^^  ^  ^^^  ^^^  ^  displaceable ;  the  second,  that  it  is  the 
P?T  rr\rj(\  C     hydrate  of  a  radical  acetyl ;  and  the  third  indicating  the 
i^ti^^KjnKj,  j      separation  of  CH3  by  the  action  of  electricity. 

Empirical  formula  are  deduced  firom  the  percentage  composition  of  the 
substance,  found  on  analysis  by  (i)  dividing  the  percentage  of  each  element 
by  its  own  atomic  weight ;  (2)  taking  the  lowest  of  these  results  as  unity  and 
dividing  all  the  other  quotients  by  it. 

For  example,  acetic  acid  shows  on  analysis, — 

Carbon 40*00 

Hydrogen 6*66 

Oxygen 5  3 '34 

lOO'OO 

Dividing  as  above  directed,  we  have, — 

40*00  -r  12  =  y^^  carbon 

6*66  -r    I  =  6*66  hydrogen 
53  34 -M 6  =  3*33  oxygen. 

Taking  now  carbon  as  unity  and  writing  it  C,  we  have, — 

H  (6*66) -rC  (3.33)  =  H3 

o  (3-33) -c  (3-33) =0, 

and  the  formula  is  therefore  CHgO. 

Again,  take  the  case  of  ferric  oxide,  which  contains — 

Iron 70*00 

Oxygen 3o'oo 


lOO'OO 


Dividing  as  before  by  the  atomic  weight,  we  have, — 

70^  56  ^  1*25  iron. 
30-r  16=^1-875  oxygen. 

Taking  now  the  lower  number  as  unity,  we  have, — 

0(1-875)  ^Fe  (1*25)  =1*5  O. 


MOLECULAR  AND  RATIONAL  FORSfUL^. 

lul  as  half,  or  any  fraclion,  of  an  atom  cannot  exist,  therefore  FeOj-j  i 
possible  ;  Hence  we  multiply  both  elements  by  z,  llius  getting  FcoOj,  which 
IS  the  siinplest  possible  relation  in  whole  numbers,  and  therefore  the  correct  j 
cmpiriral  formula. 

Kolecatfix  fonnnls  are  obtained  by  submitting  the  results  of  the  calcu- 
lation of  the  empirical  formuite  to  the  tests  of  either  density  or  atomicity. 
J/  the  iubitafuebe  volatik  kv  take  Us  vapaur  density  (set  Vapour  Densitf  in 
Author's  AnalTtical  Ctiemi8tr7,  chapter  i.  section  13),  and  by  the  rule  that 
aU  fotnpownU  in  a  s/nfe  of  valour  have  a  density  equal  to  half  their  molecular 
foagkl,  we  obtain  the  true  formula,  For  cieample,  we  have  already  found  the 
empiric^  formula  of  acetic  acid  to  be  CHjO,  giving  a  molecular  weight  of  30  ; 
thus, — 


^  I 

t  on  taldng  the  vapour  density  we  find  that  the  weight  of  a  given  volume    ' 
\  oT  acetic  acid  vapour  divided  by  tliat  of  an  equal  volume  of  hydrogen  is  30, 
1  so  ttut  we  see  th.it  the  true  molecular  weight  of  the  acid  must  be  60,  or  just 
^  and  the  irue  molecular  formula  is  then — 

H,=    4  I 

0,  =  32 


14  bijwever.  the  compound  be  not  volatile,  or  should  it  suffer  dissociation 
-vhcn  heated,  we  cannot  get  at  its  vapour  density  ;  but  we  must  determine  its 
molecular  formula  by  combining  it  with  some  body  of  which  we  already  inoio 
thf  true  eonibining  weight  and  atomicity  For  the  sake  of  making  this  clear 
we  will  still  take  the  same  example,  namely,  acetic  acid,  although  it  would, 
being  volatile,  not  really  require  this  process  except  as  a  confirmation. 
Sitpjwse,  tliercfore,  the  taking  of  the  density  to  be  for  some  reason  incon- 
vetucnt,  we  should  m.ike  some  pure  and  dry  argentic  acetate.  Of  this  com- 
pound we  should  weigh  out  a  certain  quantity,  say  one  gramme,  and  submit 
It  to  ignition,  thus  dri\-ing  off  the  acetic  radical,  and  leaving  6468  gramme  of 
metallic  silver.  Having  now  proved  that  one  gramme  of  aigentic  acetate  con- 
Uinft  "6468  gramme  of  silver,  the  balance  of  "3531  gramme  must  represent  the 
wdghl  of  the  acetic  radical.  By  simple  proportion  we  next  inquire.  If  '6468 
gFumne  of  silver  combined  with  '3532  gramme  of  acetic  radical,  how  much  of 
tht:  Utter  would  be  required  to  combine  with  an  atomic  weight  of  silver  taken 
in  grammes  ( 108)  ?  thus, — 


■6468  :s532 
•353^  "  108 


S8'9 


r  atomicity  steps  in  and  says  that  silver  is  a  monad  and  must  there- 
re  displaced  an  atom  of  H  from  the  acid  in  forming  the  salt,  so  it  is 
iflt  the  atomic  weight  of  H  -^  1  must  be  added  to  the  above,  giving  us. 
Knowing,  from  the  atomic  weights  of  C,  H,  and  O,  that  we  must 
t  the  fraction,  we  have  60  for  the  nearest  whole  number,  thus  once 
more  confirming  the  idea  that  the  true  molecular  formula  of  acetic  acid  is 
"  "  "      '    and  not  CHjO  =  30,  as  found  for  the  simple  empirical  formula. 


■^'  n/j\v::i:s  cf  chf..vical   actiox. 


X.  CHEMICAL  EQUATIONS. 

llu-  nuuU-  in  whuh  lW.!t'>  ri^c:  up.^ii  each  other  is  represented  by  a 

^jiii:>  III  liiuiN.  uiiuuiaU  .'ir.d  scr.s.  cV-led  a  chemical  equatioiL     In  such 

•  1  li-t-'Hi^  llu    ou!m.n\   >;i,:\s  of  :ir.'/r.:r.v:ic  are  used,  such  as  +  (plus)  added 

••  •       I  uumi-.\  iI.aUu  u-,1  ;,,.;.,^        t'. ;.:..■>  .     As  ihe  thorough  understanding  of  a 

'  '••  uui  .il  ii|u.iiu»u  IN  oi  ;Vii'  ..::-.•>:  k  .^:"i>;":::ence.  we  shall  trace  the  idea  from 

»i>  Miu|.u  ^i  K,un      I  ,-:   ..s  ^.x  ::...;   ^  ^.rullf.  2.  a  fact  comprehensible  by  the 

»»'"M  I'uliii.iix  luuiU;* .;:,,:  .•/.;i..i.:  .  vc:.  jL.ihouiih  it  bean  equation,  it  conveys 

•  nit  ui^iuiiiu.n  i\iu  x^Vi-   >\:v.:-,  ..vi  chtmicaily;  thus,  H2=H2  represents 

•"•  '  lu  hiu  .il  .u  iu»i:.  .*'.\i  wi-  V..\;.  .:".:iu:.y  '.;.:.rr.rd  that  the  delineation  of  such 

•'•  •»"u.  «iiu  II  j.i»s'.iu.>  ,\>::v. ':;.:'.  .;.:.r.^:>  in  ihe  bodies  acted  upon,  is  one  of 

'  ''  ^■••»  ni.-x  oi  n.c-  .sv.tivc  \\  Cr.i:.v-.>::>.     1:.  however,  we  say  that   2  added 

'"    *    »M'»'^  ,;   \i  r  \..  0.  we  :.  ^k  ..}:•.'.  an    eviuation  which  teaches  and 

"i  J '   »•'  ^^'Uuihmt;  lor  ihe  viiiw-  .;:■.  r -..:..■.:.  :*r.  of  which  a  certain  amount  of 

j '»«"  «iu.n  l^,  uvjiuicvl.     A:i  ur.:..::rr\:  s..v.-.-.i  "kiiOws  intuitively  that  two  stones 

"    |'»»N  i«»ik  up  cijual  in  nur.V:  e:  .iny  .  ::'.tT  :\vo  :  but  some  education  must 

'^"UiiiK  l»«.- K-. quired  ere  he  c.ir.  v.\  r.:".u  ■.::'>  a>>en  that  one  stone  added  to 

''^■'  M..iu-^  wxW  show  a  result  ol" i:::cc.     Rv.l.icing  this  to  a  chemical  equation. 

H,  -O-  H.O. 

•'•  11-  ilu-n  is  ;i  true  example  01"  wr./.i  we  nu-.n.  because  it  teaches  something; 
>"»*livuhial  atoiu?^  on  either  >iiie  oi"  tlie  m^;:!  ba:ance  each  other  in  point  of 
i»Jiiiil)iis,  an^l  a  totally  new  >iib>i.uKe  i>  produced  from  the  ingredients  em- 
l'l«>\id.  These  are  the  cbsenlial  ehar.\cier.>i:o>  of  a  tnie  chemical  equation. 
•\n  equation  in  which  twD  subhtances  unite  to  produce  a  third  body  is  said  to 


cnlorate,  on  bein-"  heated,  yields  potassium  chloride  and  oxygen,  which  reac- 
lion  would  be  represented  as  follows  :— 

KClOj  -  KCl  +  O., : 

?  w^^*"'^^  cipiation,  exhibiting  all  the  essential  points  already  mentioned. 
( 0  It  leaches  the  fiict  that  oxygen  and  potassium  chloride  can  be  produced  from 
I'otassium  chlorate  ;  (2)  the  same  number  of  atoms  of  K,  CI,  and  O,  respect- 
ively, are  found  on  each  side  of  the  equation ;  (3)  from  the  substance  operated 
"h»J,  two  entirely  difterent  bodies  have  been  produced.  Of  this  simple  form 
<»'  ^U^i^Uion  there  are  necessarily  very  few,  the  more  usual  specimens  being 
ilKjse  of  double  decomposition.  By  this  we  mean  the  production  of  at  least 
tw()  distinct  bodies  from  the  reaction  upon  one  another  of  an  original  two. 
1  ake,  for  example,  the  reaction  of  potassium  iodide  on  mercuric  chloride 
(already  referred  to  when  chemical  action  was  under  consideration),  which  ex- 
hibits a  type  of  a  vast  number  of  equations  representing  actions  wherein  the 
ac.idulous  radicals  of  the  subsUnces  employed  merely  interchange  their  base. 
J*  rom  mercuric  chloride  and  potassium  iodide  we  produce  mercuric  iodide 
aiid  potasiinm  chloride,  which  is  thus  represented  as  an  equation  :— 

HgXV  +  zKT  =  Hg^l.;  +  2K'Cl'. 

^        ^«  the  large  figure  2  before  the  KI  and  the  KCl,  in  order  to  show 

'«e  two  molecules  of  the  former,  and  produce  two  molecules  of  the 

^^^  this  must  be  so  becomes  evident  from  the  fact  that  Hg,  as  a 

"»  two  atoms  of  monad  iodide ;  and  there  being  only  one  1  in  each 

^  KI,  two  molecules  must  be  employed  to  yield  the  l..  demanded. 

^>*tion  the  mercuric  chloride  and  potassium  iodide  are  called  the 

18  the  mercuric  iodide,  the  chief  product;  and  the  potassium 
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chloride,  the  bye-product.     In  equaiions  these  bye-products  are  often  a  source 
of  considerable  difficulty,  especially  when  ihey  happen  to  be  numerous,  and  the 
equation  does  not  represent  a  simple  interchange  like  the  one  just  considered ; 
but  a  knowledge  of  the  bye-products  of  any  particular  action  is  only  to  b^| 
acquired  from  a  study  of  the  chief  elements  and  their  compounds.     Such  stud]^| 
may,  however,  be  greatly  facilitated  by  committing  to  memory  examples  of  ^| 
series  of  familiar  actions,  and  establishing  m   the  mind  a  set  of  typical  cqua^B 
tions.       In  this  we  shall  endeavour  to  assist  the  learner    by  noting  50ta^| 
examples  of  some  of  the  most  common  chemical  actions  seriixtim .- —  ^| 

1.  When  a  metal  dissolves  in  hydrochloric  acid,  a  chloride  of  the  metal  i^| 
produced  and  ftee  hydrogen  is  evolved.  Take  for  example  the  manufacture* 
of  Bine  chloride  :  Zn  being  a  dyad  will  require  two  atoms  of  CI  to  fonn  the 
chlurtde  ,  and  as  each  molecule  of  hydrochloric  acid  only  contains  one  atom 
of  C),  we  &ball  require  to  use  two  molecules  of  the  acid,  and  the  equation  will 
be; —  ■ 

Zn"+2H'Cr  =  Zn'CV-i-Hj'.  ■ 

Applfing  the  same  rule  to  iron,  we  have —  ^| 

Fe'  +  iH'Cr  =  FeXIa'  +  Hj'.  V 

2.  ^^1)en  a  metal  which  is  soluble  in  diluted  snlphoric  acid  dissolves  i^| 
that  fluid,  a  sulphate  of  that  metal  is  produced,  and  free  hydrog;en  gafl 
evolved.     In  this  case  the  sulphate  being  a  dyad,  as  well  as  the  metals  which'' 
wc  find  behaving  in  ibis  way  in  Pharmacy,  one  of  each  only  is  required,  and 
ihe  action  is  usually  represented  as  a  simple  displacement  of  the  hydrogen  of 
tbc  acid  by  the  metaJ.     Tims  with  zinc  and  iron  respectively,  we  have — 

Zn'  +  Hj'(SO^)'  =  Zn'(SO^)'  +  Hj'.  J 

Fe"  +  H3'{SO^)"-Fe'(S04)' -t-  H^'.  ■ 

3.  When  an  add  acts  upon  a  carbonate,  a  salt  is  produced  by  the  unionB 
of  the  metal  of  the  carbonatr  with  the  acidulous  radical  of  the  add  employtd, 
and  carbonic  anhydride,  CO,  (commonly  called  c;irbonic  add  gas)  and 
water  (HjOjare  produced.  Thus  calcium  carbonate  dissolves  in  hydro- 
chloric acid  to  produce  calcium  chloride,  and  carbonic  anhydride  is  evolved 
with  efiTervescence  and  water  formed,  thus  : —  i 

Ca'CCOa)'  +  aHCr  ^  Ca'Clj  -h  CO3  J-  HjO.  J 

rhe  COj,  being  an  unsaturated  radical,  cannot  exist  al  liberty,  and  it  therefor^! 
jives  up  one  atom  of  oxygen  to  two  atoms  of  hydrogen  from  the  acid,  formin^B 
•rstcr  »nd  leaving  COj,  which,  being  a  fully  saturated  molecule,  comes  off  i^| 
ihc  free  sute.  Two  molecules  of  HCl  are  required  to  yield  the  two  Cl's^ 
Qeccs«ar)-  for  the  formation  of  ihe  calcium  chloride.  Extending  this  prin- 
ciple to  other  actions,  we  have  magnesium  carbonate  dissolving  in  sulphuric 
acid  and  yielding  magnesium  sulphate. 

Mg-(C03)'  -f  Hj'(SO,J'  =-  Mg'{SO,)'  +  COi  +  H3O. 
The  sulphate  radical  l>eing  a  dyad  as  well  as  the  magnesium,  we  only  require 
one  molecule  of  each,     Again,  potaBsinm  carbonate  and  acetic  acid  yield 
potassinm  acetate ;  thus ; —  ■ 

K(,'(CO,)'  +  aH'tCjHjOs)'  =  iK'CCsHpj)'  ^-  CO,  +  HjO.  ■ 

Here    n'e  have  ttvo  atoms  of  monad  K  in    the   carbonate,  wbich   reC|Uir^9 
two  molecules  of  the  monad  acetate  radical,  and  yield  two  molecules  of  the 
potassium  acetate,  together  with  the  usual  bye-products. 

An  e<iuatii>D  of  this  class  becomes  more  complicated  when  the  action  takes 
place  between  the  carbonate  of  a  dyad  metal  and  an  acid  having  a  triad 
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radicaJ.     Thus,  to  form  calciom  dtrate  we  require  three  mnUmies  of  caleiani " 
carbonate,  and  fivo  mokatUs  of  citric  acid,  because  the  simplest  way  in  which 
a  dyad  and  a  triad  can  be  brought  to  balance  each  other  is  by  mttltiplnng  the 
former  by  3  and  the  latter  by  j.     When  we  thus  employ  three   molecules  <1H 
a  carbonate,  it  is  evident  that  we  must  produce  three  molecules  of  eadiu9| 
the  bye-products,  therefore  the  finished  equation  will  be  : —  1^| 

aCaXCOj)"  +  !H,'(CsHsO,)"'  =  CV-*(C„H,0,)"'  +  3CO3  +  iHgO. 

4.  ■^Mien  some  metals  are  heated  with  strong  anlphnric  acid  they  dissolve, 
forming   a  sulphate,   evolve  Bnlphnrons  anhydride  (SO^,  commonly  called 

Sulphurous  acid  gas)  and  produce  water.     This  reaction  takes  place  at  the 
■tapcnse  of  a  molecule  of  HjSO^,  which  becomes  divided  inlo  SOj  and    H3O, 
^Bius  leaving  one  atom  of  oxygen,  which  in  its  turn  combines  with  ihe  H.  of  3 
Recond  molecule  of  sulphuric  acid,  and  liberates  the  SO,  lo  combine  with  the 
metal  used.     In  such  an  equation,  therefore,  we  must  eni])loy  one  of  3  dyad 
melal  to  two  of  sulphuric  acid,  forming  a  sulphate  of  the  metal  and  the  above- 
named  bye-products.     E.'tamples  are  found  in  the  equations  for  CQpric  and 
—inercuric  snlphatei  :— 

■  Cu'  -t-  aHs'(SOJ'  -  Cu'(SO«r  +  Sp,  +  zH^O. 

■  Hg'  +■  2Hj'(S0  j"  =  Hg"(SO«)'  +SO,  +  2HjO. 

5.  When   a  metal  dissolves  in  slightly  diluted  nitric  acid,  a  nibateS 
produced,  and  two  molecules  of  nitric  oxide  gas  (iNO)  are  usually  evol 
and  water  formed.    The  nitric  oxide  gas  is  produced  at  the  expense  1 
molecules  of  HNOj,  which  become  broken  up  into  aNO  and  HjO,  thins  I 

Kng  three  atoms  of  oxygen,  which  combine  with  the  hydrogen  of  6   ( 
Knolecules  of  nitric  acid  lo  form  3  more  molecules  of  water,  thus  libetatth 

Solecules  of  NO3  to  combine  with  an  equivalent  quantity  of  the 
c  total  bye-products  of  this  reaction  are,  therefore,  2NO  +  4HtO. 
f  sequently  it  is  clear  that  in  all  such  equations  we  must  use  8  roolecnleB'l 
I   HNOj  and  enough  meul  to  combine  with  6N0g  out  of  the  S,  accoi 
P    the  atomicity  of  the  metal,  producing  as  many  molecules  of  the  nitrate  a 
use  atoms  of  the  metal.     Thus  with  a  monad  metal  like  silver,  a  dyad  1 
meiCTiTyi  and  a   triad  like   bismuth,  we  have  respectively   the  foUc 
equations : — 

Ag.'  +  8H'{NOs)'  =  eAg-CNOJ-  -f-.  2NO  +  4HjO. 
Hg,'  +  8H'(N0,)'  =  3Hg"2(NO,)'  +  2NO  -v  4H„0. 
I  Bia"  +  8H'(N03)'  =  iBi"'3(N0sy  -t-  zNO  +  4HjO. 

Such  are  a  few  typical  equations ;  and  it  is  to  be  hoped  that  their  c 
study,  conjoined  with  a  return  to  their  consideration  when  the  facts  inv 
are  more  prominently  brought  forward,  will  smooth  the  way  towards,  1 
lighten  the  task  of  acquiring,  this  all-imporlant  section  of  Chemistry.  T 
student  is  therefore  earnestly  urged  to  learn  equations  (not  merely  by  heat 
order  to  pass  the  ordeal  of  an  examination),  but  to  search  out  the  reasons 
involved,  so  that  he  may  retain,  and  be  able  to  use,  the  whole  of  his  chemical 
knowledge  through  life.  The  theories  of  atomicity  and  equations  ought  to  be 
so  thoroughly  mastered  that  the  young  pharmacist  may,  without  a  moment's 
hesitation,  write  down  the  formula  representing  any  ordinary  reaction  without 
reference  to  any  chemical  work. 

In  former  times  chemical  reactions  were  represented  by  what  was  called  a 

diagram.     This  was  a  series  of  lines  drawn  from  one  element  to  another  to 

show  that  they  combined  in  a  particular  manner.    The  following  examples  of 

diagrams  will  explain  ihemSelves.     They  were  very  useful  things  in  tJie  hands 

!■  of  a  teacher,  but  are  now  considered  obsolete. 


CALCULATIONS  BY  WEIGHT. 


.Diagram  showing  the  result  of  heating  potassium  chlorate  lo  be  the  foni 
n  of  potasnitm  chloride  and  ozyg^eo. 


life. 


-  KC!,  Potassium  Chloride. 
-Oj,  Oxygen, 
ram  of  iJie  actioa  of  potauinm  iodide  on  mwcnric  chloride. 

Hg  ^ .-^  Hglj,  Mercuric  Iodide 


2KCI,  2  molecules  of  Potassium 
[Chloride. 


PRACTICAL  APPLICATION   OP  EQUATIONS   TO   THE 
CALCULATION  OF  QUANTITIES  BY  WEIGHT  AND 
BY  VOLUME. 

!  equation  is  the  start! og-poini,  from  which  all  calculations  of  the 
bti^  of  any  substance  required  to  perform  a  given  decomposition,  are 
^(naiiied.  The  two  ideas  must,  however,  he  kept  ijuite  distinct 
I.  Calculations  bjr  Weight  are  made  by  reducing  the  e>.)uations  to  figures, 
and  then  intelligently  applying  the  rule  of  three.  For  instance,  talcing  the 
atrnple  equation  already  givcu  for  tUe  making  of  oxygen,  let  us  inquire  bow 
much  oxygen  would  be  obtained  by  heating  100  grammes  of  Potassium 
Chlorate.  ■ 

Reducing  the  equation  to  figures,  we  have  : — 


CI 


=  39  , 

35S  =  ] 


(03  =  48 


-355 

,74-5 


i-Os-48 

ir  48 


B  theory,  122  5  paru  by  weight  of  KCIO3  would  yield  on  heating  74-5 
pons  of  KCl  and  48  parts  of  oxygen.  Ordinary  simple  rule  of  three  would 
then  cn.iblc  us  lo  inquire,  If  KCIO,  would  yield  in  theory  Oa,  what  would 
loogrammesofpuiassium  chlorate  produce?  Thus  we  have  the  proportion  ; — 
"^  KCIO,  :  O,  ::  100 

or  in  figures,  122-5  ;  48  ■■   ro". 
Wofking  this  out,  we  find  that  :— 

48  K  too 

■^— — -  =  39iS. 
1125        ^y 

pirom  loo  grammes  of  KClOa  we  should  get  391S  grammes  of  oxygecL  I 

^O  any  one  with  the  most  elementary  knowledge  of  the  rule  of  three,  such  I 

latioas  are  veiy  simple,  the  whole  thing  turning  on  (i)  a  correct  slate- 

\  of  the  equation  and  an  accurate  reduction  to  its  combining  weights,  I 
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and  (2)  the  consideration  that  in  rule  of  three  we  always  work  from  the  fact 
we  know  to  that  we  want  to  knotv.     One  more  example  will  suffice. 

Supposing  we  are  required  to  convert  four  ounces  of  mercuric  chloride  into 
mercuric  iodide  by  precipitation  with  potassium  iodide.  How  much  potassium 
iodide  is  necessary,  and  what  weight  of  mercuric  iodide  ought  we  to  get,  pro- 
vided the  process  be  accurately  conducted  ?    By  the  equation  : — 

HgClj  +  2KI  =  Hgig  +  2KCL 
One  molecule  of  mercuric  chloride  requires  two  molecules  of  potassium  iodide 
to  form  one  molecule  of  mercuric  iodide.      Having  arrived  at  this  fact,  we 
next  proceed  to  reduce  the  equation  to  molecular  weight,  thus : — 

Hg=2oo  K=   39  Hg=2oo  K=39 


It 


Cl3=    71  I  ="7  I3  =254  CI  =  35-5 


166 


745 

2 


271  +  ZZ^  =  454  +  149 


Therefore,  271  parts  by  weight  of  HgCl^,  mixed  with  332  parts  by  weight  of 
KI,  will  yield  454  parts  by  weight  of  Hglg.  By  the  rule  of  three  we  then 
calculate  : — 

As  HgCl,  is  to  2KI  so  are  4  ounces  to  the  amount  of  KI  required,  stated 
in  ounces  or  figures  : — 


271     :     332 
4 


27 1)1 3  28(4*9  ounces    is  therefore  the    quantity  of   potassium 
1084  iodide  sought 


2440 
2439 


Again,  as  HgCl,  is  to  Hgig  so  are  4  ounces  to  the  amount  of  Hglj  which 
should  be  produced,  stated  in  ounces. 


271     :     454 
4 

27 1)1 8 1 6(6' 7  is  the  quantity  of  Hglg  we  ought  to  obtain. 
1626 


1900 
1897 


By  these  calculations  we  learn,  that  having  started  with  4  ounces  of  HgClj, 
we  must  employ  4*9  ounces  of  KI ;  and  our  precipitate,  when  dried,  ought  to 
weigh  67  ounces.  It  being  the  practice  in  manufacturing  to  disregard  minute 
fractions,  the  British  Pharmacopoeia  instructs  us  to  use  4  ounces  of  HgCla, 
and  5  ounces  of  KI,  quantities  which  are  based  upon  such  calculations  as  the 

above. 

As  a  useful  check  upon  the  cost  of  the  manufacture  of  any  particular 
chemical,  similar  calculations  are  invaluable  ;  thus,  at  the  present  prices  (Nov., 
1878)  of  the  above  ingredients,  their  cost  would  be  5J.  5^. ;  but  as  tlie  yield 
of  red  iodide  of  mercury  would  be  nearly  6^-  ounces,  it  follows  that  the  actual 
cost  when  made  would  be  \od,  per  ounce,  to  which  would  require  to  be 
added  the  usual  estimate  for  labour  and  the  wear  and  tear  of  plant. 


CALCULATIONS  BY  VOtmrE. 

z-  Calcnlations  by  volume  are  very  much  more  simple,  and  it  is  only  n 
y  to  bear  in  mind  that  in  the  gaseous  state  all  atoms  are  supposed  to  E 
_    J  in  volume  to  H,  and  all  molecules  to  Hj.     If  therefore,  in  an  equatioj 
f  molecule  produces  a  molecule,  no  alteration  in  bulk  takes  place 
^!e  produces  an  atom  or  two  molecules  respectively,  then  thi 
:  6rst  case,   halved,  and  in  the  latter,  doubled.     For  example,  we  kiifl 


M,  in  other  words.- 


H  +  CUHCl: 


J  atom  H  +  1  atom  CI  -  i  molecule  HO  ; 
SO — 

I  gallon  H  +  J  gallon  CI  =  a  gallons  HCl, 
or  any  other  voUime-measure  that  might  be  required,  in  the  same  proportiJ 
Supposing,  to  make  the  question  more  com|iiicated,  we  had  to  consider  whi 
would  happen  if  we  exploded  to  gallons  of  H  and  15  gallons  of  CI.  It  is 
dear  that  in  this  case  the  10  gallons  of  H  would  combine  with  the  same 
volume,  vii.,  10  gallons  of  CI,  to"  form  20  of  HCl,  while  there  would  be  5 
galloru  of  CI  left  over  imlouc.hed.  In  all  the  equations  for  gases  throughout  1 
ihis  work,  the  quantities  by  volume  will  be  found  attached,  and  the  student  b'~ 
advised  to  look  them  over,  and  compare  them  with  the  above  example. 

3.  Calculations  from  weight  to  volume,  and  vice  versa,  are  based  upon  tlid 
two  proposition.s  already  laid  down,  that  11 '?  litres  of  an  elementary  gas,  an^ 
aa-4  litres  of  a  compound  gas  weigh  respectively  their  atomic  or  raolccula^ 
weights  in  grammes.  Suppose  we  inquire  what  the  39'i8  grammes  of  oxygen^J 
Already  found  in  a  former  calculation,  would  measure.  By  proportion  wa* 
have  the  statement — if  16  grammes  of  oxygen  occupy  1 1'z  litres  what  would ^ 
39'i8  grammes  measure. 


-39-1' 


27'43  litres  ol  oxygen. 

The  weight  of  a  Hire  of  any  gas  may  also  be  obtained  by  the  use  of  thd 
Ctitli,  or  weight  of  a  litre  of  h)'drogen,  which  is  ■0896  gramme.  If  this  be  mnltd 
plied  by  the  atomic  Wfight  of  any  eUmentary  gas,  or  half  tht  mo/auJar  wfighl  a 
any  compound  gas,  the  weight  of  a  litre  of  the  gas  in  question  is  obtained.  '"' 
calculntions  are  all  supposed  to  be  done  on  gases  at  normal  temperature  and 
pressure,  and  the  present  is  a  mere  introductory  sketch,  full  details  of  the  in- 
fluence of  change  of  the  conditions  when  measuring  bemg  given  elsewhere. 
{Set  Specific  Gravity,  Thermometer,  and  Barometer  in  the  Author's  Analyti- 
cal Chomifltry,  pages  g-i  7,  and  3-6.) 


CHAPTER  HI. 


SIMPLE    BASYLOUS    RADICALS. 
SOURCES,  ISOLATION,    AND    CHARACTERS. 


The  elements,  or  simple  radicals,  are  divided  into  two  classes  :  the  metallic 
elements,  and  the  metalloids.    It  may  be  remarked,  at  this  point,  that — 

METALLOIDS 

Are  usually  electro-negative  in  the 
compounds  they  form  on  uniting  with 
metals  or  compound  basylous  radicals. 
This  class  includes  : 


METALS 

Are  usually  electro-positive  in  the 
compounds  which  they  form  on  unit- 
ing with  metalloids,  or  compound 
acidulous  radicals.  The  petals  used 
in  pharmacy  are  : — 


Arsenic* 

Boron 

Bromine 

Carbon 

Chlorine 

Fluorine 

Iodine    . 

Nitrogen 

Oxygen 

Phosphorus 

Silicon 

Sulphur 

Selenium 

Following  out  the  principle  of  the  distinction  between  basylous  and  acidu- 
lous radicals,  it  is  first  necessary  to  consider  the  former  class.  We  will 
therefore  take  the  simple  basylous  radicals  or  metals  seriatim,  with  special 
reference  to  their  sources,  isolation,  and  analytical  detection,  afterwards  treat- 
ing of  compound  basylous  radicals  in  a  separate  chapter,  and  finally  devoting 
a  special  chapter  to  each  of  the  metalloids  and  their  compounds  with  basylous 
radicals  and  with  each  other. 

All  simple  basylous  radicals  are  solid,  except  mercury  (and  hydrogen,  if 
regarded  as  a  metal),  and  most  solid  metals  possess  the  properties  of: — 

I .  Malleability,  the  capability  of  being  spread  out  into  plates,  or  leaves,  or 
foil,  under  mechanical  force.      Gold-leaf  offers  the  most  striking  ex- 


Aluminiufn 

Lead 

Antimony 

Barium 

Bismuth 

Cadmium 

Calcium 

Lithium 

Magnesium 

Manganese 

Mercury 

Nickel 

Cerium 

Platinum 

Chromium 

Potassium 

Cobalt 

Silver 

Copper 
Gold 

Sodium 
Strontium 

Hydrogen 
Iron 

Tin 
Zinc 

*  Arsenic  is  a  connecting  link  between  metals  and  metalloids,  possessing  to  some  ex- 
tent the  properties  of  both.  For  good  reasons,  it  is  recommended  that  the  pharmaceutical 
student  should  regard  arsenic  as  a  metalloid,  although  in  practical  analysis  this  substance  is 
detected  and  separated  among  the  metals.  Bismuth  and  antimony  own  similar  properties, 
but  for  convenience  they  are  classed  among  the  metals. 


MAU,EABIUTV.—D  UCTIUTV.-  FUSIBILITY, 

ample  of  the  tenuity  to  which  a  highly  malleable  metal  may  be  hsk 
mered  ;  3mA  silver,  platinum,  copper,  and  tin  form  illustrations  of  ^ 
delicate  leaf  or  foil  to  which  these  metals  may  be  rolled.     But  prcBStJj 
or  blows  on  any  malleable  metal  increase  the  specific  gravity,  render- 
ing it  harder,  and  inducing  a  tendency  to  briltleness.     Such  a  condition 
would  obviously  unlit  many  of  our  best  known  and  most  useful  metals 
for  the  uses  t(^ which  they  are  constantly  applied  in  the  ails.      By  the._ 
simple  process  of  annealing,  however,  any  malleable  metal  may  regoilL 
its  Original  condition,  as  it  likewise  recovers  its  former  specific  gravifi 
Heating  the  metal  to  redness  away  from  contact  with  the  air  (if  it  fi 
bear  such  a  heat  without  fusion),  then  cooling  gradually  or  rapidl^ 
according  to  the  degree  of  softness  required,  constitute  the  whole  pr() 
cess  of  annealing. 
.  Dnctili^,  that  tenacity  or  power  of  resisting  separating  force  which  ia"! 
exemplified  in  the   art  of  wire-drawing.      This  consists  in  drawing 
metallic  rods  through  a  succession  of  cone-shaped  perforations  in  a 
steel  plate,  each  hole  being  a  shade  smaller  than  its  predecessor,  until 
the  desired  degree  of  fineness  has  been  obtained.     Under  such  treat- 
menc,  the  metal  is  apt  to  become  britde,  but  is  at  once  restored  to  its 
original  condition,  as  in  the  analogous  cases  of  metals  being  passefl 
through  rolling  mills  or  under  the  hammer,  by  the  process  of  annealiDB 
It  having  been  found  necessary  in  the  arts  to  determine  the  order  S 
tenacity  of  ductile  metals,  this  is  accomplished  by  noting  the  amoui 
of  weight  demanded  in  order  to  break  wires  which  have  been  drawl 
through  the  same  orifice.     The  order  is  as  follows  t- — 
Iron,  Cold, 

Copper,  Zinc, 

Platinum,  Tin, 

Silver,  Lead. 

\  FuMfbilitj,  the  degree  of  susceptibility  lo  the  melting  power  of  heat  \ 
scssed    by  metals.      This  sensitiveness    is  exceedingly  variable,  a 

reaches  from  mercury,  which  is  always  fluid  above -39°  Fahr.,  to  C   

iron,  which  requires  2786°  j  not  to  mention  platinum,  which  is  only 
partly  fusible  by  the  oxyhydrogen  blowpipe.     Iron,  platinum,  and  some 
other  metals,  possess  an  additional  pro|>eriy  when  in  a  partially  melted 
condition,  which,  in  the  arts,   greatly  enhances  their  value.     Before 
fluidity  supervenes,  they  acquire  an  adhesive  or  viscous  state,  whicbj 
admirably  suits  ihem  to  endure  the  blows  of  the  hammer  or  the  pres 
sure  of  tlie  rolling-mill ;  to  be  puddled  in  the  furnace,  and  welded  to 
gether  either  lu  or  out  of  it     It  is  this  speciality  which  enables  us  tal 
unite  separate  pieces  of  iron  or  steel  without  the  aid  of  solder,  and  tO>f 
hammer  or  compress  spongy  platinum  into  a  solid  bar. 
Simple  basylous  radicals  form  two  varieties  of  combinations  :— 
(.  Tlioise  with  acidulous  radicals,  called  salts,  as  already  explained. 
^  Those  alloTB  which  are  produced  by  the  mutual  combination  of  metalgl 
themselves, 

Although  most  metals  may  to  some  extent  exist  in  a  state  of  combination 
lb  each  other  (a  slate  called  alloy,  and,  when  mercury  is  present,  amalgam), 
\  Ibe  chemical  affinity  between  them  is  often  so  feeble,  and  the  restraint 
ocll  binds  them  together  so  weak,  that  the  synthesis  is  easily  disturbed. 
It  il  has  been  observed  that  in  proportion  to  the  dissimilarity  between  the 
als  of  an  alloy  or  amalgam  is  the  stability  and  permanence  of  the  com- 
racl  increased ;  and  yet  in  no  case  does  that  peculiar  alteration  of  physical 
r,  which  specially  marks  chemical  combination,  occur  to  any  great 
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A  metal  alloyed  or  amalgamated  with  another  metal^  retains  most 

^distinguishing  features,  and  no  such  metamorphosis  or  transmutation 

33  we  find  in  the  combination  of  a  metal  with  a  gas,  an  acid,  or  an 

The  alteration  which  usually  occurs  affects  the  metallic  tenacity,  colour, 

i.  ^      ^ree  of  hardness,  although  alloys  of  metals  possessing  wholly  opposite 

^S   characteristics,  are  remarkable  for  their  exceeding  frailty  of  mutual 

Table  of  the  Composition  of  the  more  Common  All<^. 

.       .         ...  Cu(84-3)  +  Zn(5-2)  +  Sn(io-6). 

nnia  Metal  Sn(25) +Sb(5o)+Bi(25). 

r^^onze...  •.  Cu(86)  +  Zn(ii-i)  +  Sn(2-9). 

^lu  Metal        ...  Cu(8o)  +  Zn(5-6)  +  Sn(io-i). 

^ftn  Metal       ...  Cu(93)  +  Sn(7). 

^^^er...         •..  Sn(86)  +  Sb(i4). 

^^rculum   Metal  Cu(5o)  +  Zn(2i)  +  Sn(29). 

Klder(soft)    ...  Pb(i)  +  Sn(2). 

^^^        (hard)  ...  Cu(8)+Zn(8)  +  Sn(i). 

^Joe  Metal     ...  Pb(69)  +  Sb(i5-5) +  Bi(i5-5). 

X^Hite  Metal    ...  Cu(7-4)  +  Zn(7-4)  +  Sn(28-4)  +  Sb(56-8). 

^reide  ...         ...  Cu(73)  +  Zn(i2-3)  [with  MgO(4-4)NH^Cl(2-5) 

C^'^^'  KHC,H,Oe(6-5)  and  CaO(i  -3)  as  fluxes]. 

Class  I.  MONADS. 

x\a  these  are  potassium  and  sodimn,  which  are  distinguished  by  the 

jVmong   ^^  ^^^  xcit\2\  forming  but  one  chloride.     Their  carbonates  are 

peculja-n^^^^^^     ^^^^  ^^^  ^^  ^^p^l  ^^  ^^^^^  contained  in  their  alkaline 

soluble  1       j^y^i^ates  ;  they  decompose  water  at  all  temperatures  ;  energetically 

and  cau   ^.^^  oxygen  ;  and  they  are  soft,  easily  fusible,  and  volatile  at  high 

combine  ^^^^     Silver  is  only  distantly  related  to  the  alkali-metals,  as,  for  in- 

tempera      r_     •  ^  2^n  alum,  similar  to  that  obtained  from  aluminium  and 


fJWtas 

c 

consi 


J^ical  works  as  a  metalloid  is. 
:onsidered  by  us  a  monad  metal 


WYDBOQEN  (Hydrogenium).    Symlwl,  H.   In  the  free  state,  H,.     Atomic 

■arSrfit  1.    Atomicity,  Monad.    Density,  1.    Weight  of  1  Utro,  at  o°  C.  and 

60  mm.,  -0896  gramme.    One  gramme,  at  0°  C.  and  760  mm.,  occupies  U-2 

litres. 

This  colourless,  inodorous,  and  tasteless  gas,  is  the  lightest  known  body  in 
nature;  and,  as  being  the  sUndard  adopted  among  scientific  men  (both  as 
regards  its  combination  by  weight  and  volume)  to  which  all  other  bodies  are 
referred,  and  with  which  they  are  compared,  it  deservedly  commands  pnor 

^  Bv  some  chemists  it  has  been  described  as  a  gaseous  metal,  under  the  names 
hydroeeninm  and  hydrinm,  on  account  of  alloys  which  have  been  apparently 
formed  by  it  with  piladium  and  other  metals.  This  idea  seems  to  have  re- 
ceived confirmation  from  the  fact  that  such  metals,  although  known  to  have 


prrfer  retreat  tfie'body^S'^i^  metallic  properties  had  been  definitely  proved. 
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Hydrogen  was  alluded  to  by  Paracelsus  as  early  as  the  i6th  century,  al- 
though first  isolated  by  Cavendish -in  1766;  an  honour  which  is  likewise 
claimed  for  Watt  and  Lavoisier.  It  is  found  in  the  vapours  which  emanate 
from  certain  volcanic  fissures  in  Iceland  ;  it  forms  one-fourth  of  the  compound 
called  marsh-gas  \  water  contains  it  to  the  extent  of  one-ninth ;  in  smaller 
quantities  it  appears  combined  with  numerous  other  substances ;  and  it  is 
present  in  all  vegetable  and  animal  organisms,  and  in  many  minerals.  The 
lightest  body  known  in  nature  (the  oxygen  of  the  air  is  sixteen  times  heavier), 
it  might  naturally  be  supposed  that  an  inverted,  open-mouthed  jar  would  be 
in  no  danger  of  losing  its  contents.  Yet  the  reverse  is  the  truth,  as  we  find 
that  the  law  of  diffusion,  which  is  more  or  less  characteristic  of  all  gases, 
prompts  the  hydrogen  in  the  jar  to  diffuse  downwards,  as  well  as  in  every 
other  direction,  so  that  in  a  very  short  period  of  time  the  vessel,  once  full  of 
this  gas,  would  be  found  occupied  by  ordinary  atmospheric  air.  This  law  of 
diffusion,  as  already  mentioned,  proceeds  in  inverse  proportion  to  the  square 
root  of  the  specific  gravity  of  the  gas. 

Hydrogen  may  be  prepared  as  follows : — 

1.  By  throwing  potasBium  on  water,  when  potasBiom  hydrate  is  simul- 
taneously formed. 

•    K5-i-2H20  =  2KHO-i-H2. 

This  action  is  simply  one  of  direct  displacement,  and  is  so  violent  that  the 
heat  produced  inflames  the  hydrogen. 

2.  By  passing  the  vapour  of  water  over  red-hot  iron ;  forming  ferroBO-ferric 
oxide,  and  liberating  hydrogen. 

Fej  -h  4H2O  =  Fe804  +  4H2. 

3.  By  the  action  of  dilute  sulphuric  acid  or  hydrochloric  acid  upon  iron 
or  granulated  sine,  sulphates  of  the  metals  being  formed  in  the  first  case,  and 
chlorides  in  the  second  : — 

Feg  +  2H2SO4  =  2FeS04  +  2H2.  Fe^  +  4HCI  =  2FeCl2  +  2H.. 

Zuj  +  2H2SO4  =  2ZnS04  +  2H2.  Zno  +  4HCI  -  2ZnCl2  +  2H2. 

Granulated  zinc  is  the  preferable  form  in  which  to  use  this  metal  for  the 
evolution  of  hydrogen.  It  is  thus  made :  The  ordinary  zinc  of  commerce, 
reduced  to  moderately  small  fragments,  is  fused  in  an  iron  ladle  over  a  brisk 
fire.  As  soon  as  the  metal  has  become  fluid,  it  is  poured  into  a  bucket  of  cold 
water,  from  a  height  of  about  a  dozen  feet,  when  each  drop  expands  into  a 
trumpet-shaped  mass,  which,  exposing  a  considerable  surface  to  chemical 
action,  is  readily  dissolved  when  in  contact  with  a  suitable  acid. 

4.  By  the  action  of  potassiom  or  sodium  hydrate  upon  zinc,  aluminium, 
or  tin,  forming  zinccUcSy  aluminaUSy  or  stannates : — 

Zn  +  2KHO  =  KiZn02  +  H3. 
2AI3  +  6NaH0  +  3H3O  =  Na^Aip^  +  CH.. 

5.  By  the  action  of  potassiom  or  sodium  hydrate  upon  oxalates,  and  upon 
many  other  organic  salts  :-^ 

K2C2O4  +  2KHO  =  2K2CO3  +  Hr. 

Hydrogen  is  capable  of  liquefaction  by  submitting  it  to  a  pressure  of  650 
atmospheres  in  a  tube  cooled  to  -  220^  Fahr.  with  the  aid  of  solid  carbonic 
anhydride.  On  suddenly  releasing  the  pressure  by  opening  a  jet,  the  liquid 
hydrogen  rushes  out,  forming  a  steel-blue  spray  of  liquid,  which  solidifies 


30  SIMPLE  BASYLOUS  RADICALS, 

through  the  cold  produced  by  its  own  evaporation,  and  falls  as  a  hail  of  solid 
particles.  This  great  discovery  has  been  made  by  the  aid  of  an  ingenious 
apparatus  devised  by  M.  Pictet  The  gas  is  but  sparingly  soluble  in  water  or 
alcohol,  one  hundred  gallons  of  either  only  dissolving  or  absorbing  two  gallons. 
It  is  condensed  in  the  substance  of  several  metals,  notably  platinum  (to  the 
extent  of  3*8  volumes),  palladium  (376  volumes),  and  iron  (about  two 
volumes).  The  late  Professor  Graham,  who  studied  this  phenomenon  carefully, 
applied  the  term  occlusion  to  this  singular  state  of  absorption.  During  his 
researches  it  came  to  light  that  the  meteoric  iron  of  Lenarto,  when  placed  in 
a  good  vacuum,  yielded  2*85  times  its  volume  of  gas,  consisting  of  85*68  per 
cent  of  hydrogen,  4*46  of  carbon  monoxide,  and  9*86  of  nitrogen.  When 
we  reflect  that  spectrum  analysis  proves  that  hydrogen  constitutes  the  chief 
element  in  the  atmosphere  of  many  of  the  fixed  stars,  and  then  gaze  upon  the 
fragment  of  such  an  aerolite  as  that  of  Lenarto,  we  can  appreciate  the  words  of 
Professor  Graham,  when  he  says  that  "  this  meteorite  may  be  looked  upon  as 
holding  imprisoned  within  it,  and  bringing  to  us,  the  hydrogen  of  the  stars." 

When  a  light  is  applied  to  hydrogen  gas,  as  it  issues  from  a  jet  in  contact 
with  the  atmosphere,  it  inflames,  producing  water ;  but  although  thus  proved 
to  be  combustible,  it  is  not  a  supporter  of  combustion.  The  flame  produced 
possesses  intense  heating  power,  notwithstanding  its  feeble  illuminating  pro- 
perties ;  and  should  a  stream  of  oxygen  gas  be  impinged  upon  it,  so  that  neither 
jet  occurs  in  excess,  the  oxyhydrogen  blast  resulting,  yields,  with  the  exception 
of  that  generated  by  an  electric  current,  the  most  concentrated  and  irresistible 
heat  with  which  we  are  yet  acquainted.  The  absorption  of  gases  by  certain 
metals  is  strikingly  exemplified  by  the  following  simple  experiment : — If  a 
fragment  of  spongy  platinum  be  exposed  to  a  jet  of  hydrogen,  it  "  occludes  " 
the  gas  so  rapidly  that  sufficient  heat  is  generated  to  produce  final  inflamma- 
tion of  the  hydrogen.  Seizing  upon  this  circumstance  enabled  the  inventor 
of  the  now  almost  obsolete  hydrogen  lamp  to  obtain  an  instantaneous  light, 
long  before  lucifer  matches  had  been  popularized.  The  objection  to  this 
means  of  obtaining  an  immediate  light  lies  in  the  fact  that,  if  the  hydrogen 
lamp  is  left  unused,  its  little  mass  of  spongy  platinum  becomes  damp,  through 
absorption  of  moisture  from  the  air,  so  that  its  usefulness  for  a  time  is  lost 
■  Free  hydrogen  is  feeble  in  its  action  on  other  substances,  but  in  the  nascent 
condition  it  is  remarkably  powerful.  It  will  be  understood  that  by  the  term 
nascent  is  meant  the  instant  of  its  liberation  from  any  body  with  which  it  may 
happen  to  be  combined.  In  order  to  obtain  the  full  benefit  of  this  peculiar 
activity  it  is  only  necessary  to  expose  the  matter  to  be  decomposed,  in  a  state 
of  solution,  to  the  action  of  a  mixture  of  zinc  and  sulphuric  acid,  or  some 
other  similar  combination  of  ingredients  from  which  hydrogen  may  be  evolved. 
By  such  exposure  bodies  are,  in  chemical  language,  said  to  be  "  reduced  " 
from  a  higher  to  an  inferior  state  of  oxidation,  on  account  of  the  abstraction  of 
their  oxygen  to  form  water.  For  example  : — Ferric  salts  are  reduced  to  fer- 
rous; or  nitric  acid  to  ammonia. 

Hydrogen  possesses  the  property  of  entering  into  combination  with  all  the 
non-metallic  elements  as  follows  : — 
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Non-Metallic  Compounds  of  Hydrogen. 


Monads 


Element. 


Dyads 


{ 


Triads 


Tetrad 


,  Chlorine 
Bromine 
Iodine  . 
Fluorine 

Oxygen 
Sulphur 
Selenium 

Nitrogen 
Phosphorus 
Arsenic 
Antimony 


Symbol. 


HCl 
HBr 
HI 
HFl 

HjO 

HjjS 

HjSe 

NH3 
PH3 
AsHg 
SbHg 


Carbon 


CH^ 


Result  of  Combination. 


Hydrochloric  Acid. 
Hydrobromic 
Hydriodic 
Hydrofluoric 


>> 


» 


Water. 

Sulphuretted  hydrogen. 

Seleniuretted 


» 


Ammonia. 

Phosphuretted  hydrogen. 
Arseniuretted         „ 
Antimoniuretted    „ 

Marsh  gas,  and  a  long  series 
of  bodies  called  hydro- 
carbons, of  which  this 
compound  is  the  starting 
point. 


Hydrogen  also  combines  with  .many  metals  and  organic  radicals  to  form 
combinations  called  **  hydrides.*'  But  it  should  be  recollected  that  the  atom 
of  this  element  found  in  the  basylous  parts  of  salts  has  quite  a  different  duty 
to  perform  from  that  occupying  the  acidulous.  It  is  the  latter  combination 
which  yields  the  hydrides  just  referred  to,  whilst  the  basylous  radical  of  acids 
is  wholly  due  to  the  former.  The  only  metallic  hydride  of  interest  to  the 
pharmacist  is  cuprous  hydride,  CujHg.  This  is  a  yellow  powder,  when  first 
obtained  by  precipitating  cupric  snlpnate  with  hypophosphorons  acid,  but  it* 
quickly  becomes  reddish-brown.  The  precipitate  occurs  at  about  160°  F.,  but 
die  product  is  decomposed  if  the  heat  be  raised  to  212°.  It  may  be  distin- 
guished from  metallic  copper,  to  which  it  bears  a  great  resemblance,  by  dis- 
solving easily  in  dilute  hydrochloric  acid  with  effervescence,  whilst  copper 
does  not  give  rise  to  any  action  whatever. 

LTTHIirK.     Symbol,   Li.    Atomic   Weight,    7.     Specific   Gravity,    0*59. 
Kelting  Point,  356''  F. 

Lithium  is  found  as  lepidolite  or  petalite  (aluminium  and  lithium  silicate)  ; 
but  the  best  sources  of  this  metal  are  certain  mineral  springs  (discovered  in 
Cornwall  and  brought  into  notice  in  1864),  in  which  it  exists  as  chloride.  In 
the  metallic  state  lithium  is  a  chemical  curiosity,  and  oxidizes  so  readily  that 
it  requires  to  be  kept  from  the  air.  It  may  be  prepared  from  its  chloride  by 
electrolysis.  This  metal  is  harder  than  potassium,  but  softer  than  lead ;  it  is 
ductile,  and  is  remarkable  as  being  the  lightest  known  solid.  ^Vhen  heated  in 
the  air  it  bums,  forming  an  oxide. 

{For  dtUction  and  separatum  of  Lithium ^  see  Author^ s  Analytical  Chexnistiy,  page  46.) 

AJOIOinniL    Symbol,  Am  (NHJ.    Atomic  Weight,  18. 

The  existence  of  this  metal  in  the  free  state  is  stiU  a  doubtful  point     Some 
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chemists  say  that  it  has  been  isolated,  and  takes  the  form  of  a  very  volatile 
deep  blue  liquid,  decomposing  rapidly  at  the  ordinary  temperature  c^  the  air, 
and  only  capable  of  existing  in  the  almost  entire  absence  of  heat,  and  under 
ver>'  great  pressure  It  is  quite  certain,  however,  that  it  may  be  obtained  by 
the  action  of  Bodium  and  mercniy,  with  which  it  forms  an  amalgam  ^en 
these  metals  are  placed  in  contact  with  a  concentrated  solution  of  Mwin^y^finn 
chloride  (NH^Cl). 

Na^Hg  -r  2NH^Cl=Hg(NHj2  +  2NaCL 

This  amalgam  rapidly  splits  up  : — 

2Hg(NHJ  =  Hga  +  2NH3+  H^ 

Combinations  of  ammonium  with  a  volatile  acid  are  entirely  volatile  ;  with 
a  fixed  acid,  such  as  phosphoric  or  honudCy  the  acid  remains.     This  metal  is 

monad  in  all  its  compounds. 

i,For  deUcticn  and  stpctraticn  cf  Ammonimm^  see  Authors  Aaalytieil  Chfiiitiy,  page  4JS.) 


SODIUM  (Aatrium).    Symbol,  Ka.    Atomic  Weight,  23L    Specific  GxavitT, 
-972.    Kelting  Point,  20r  F. 

Sodium  salts  are  almost  universally  distributed  in  nature.  The 
(XaCI)  constitutes  a  large  proportion  of  the  residue  of  sea-water.  The 
bonate  (Na3C03)  was,  in  former  times,  almost  entirely  obtained  from  the  ashes 
of  marine  plants.  It  is  now,  however,  prepared  from  the  chloride,  either  by 
Leblanc's  process  or  by  a  new  mode,  called  the  ammonia  process^  which  has 
been  devised  by  R.  Wagner  (see  Carbonates).  The  metal  is  prepared  by 
heating  a  mixture  of  sodinm  carbonate  and  charcoal,  in  the  maimer  adopted 
for  the  preparation  of  potassium,  the  next  metal  to  be  described.  In  its 
general  properties  sodium  resembles  potassium  ;  but  its  combination  with  other 
bodies  is  attended  with  less  violence,  and  the  hydrogen  it  evolves  when 
brought  into  contact  with  water,  does  not  burst  into  flame  unless  the  water  be 
heated,  or  the  sodium  kept  stationary. 

{F^/r  detection,  separation^  and  estimation  of  Sodium^  see  Authors  As&ljtieal  Chflmlstiy, 


POTASSITJK  (Kalium).    Symbol,    K      Atomic   Weight,    39*1      Spedflc 
Gravity,  -865.    Kelting  Point,  144°  P. 

Compounds  of  potassium  are  found  in  the  ashes  of  most  plants,  in  many 
waters,  and  in  combination  ^ith  silicic  acid  in  several  minerals.  Potassium 
may  be  obtained  by  calcining  potassium  bitartrate  (thus  converting  it  into  a 
mixture  of  potauinm  carbonate  and  carbon),  and  heating  the  residue  to 
whiteness  in  a  suitable  retort,  having  adapted  to  it  a  condenser  containing 
mineral  naphtha.  The  metal  is  collected  in  small  globules,  which,  on  exposture 
to  the  air,  are  almost  instantaneously  oxidized,  the  oxide  (KoO)  being  formed. 

In  contact  with  water,  at  any  temperature,  potassium  becomes  sufl^ciently 
hot  to  inflame  the  hydrogen,  which  it  displaces  as  the  gas  escapes.  By  this 
displacement  potassium  hydrate  is  formed  : — 

K2+2H20  =  2KHO  +  H3. 

The  flame  of  the  escaping  hydrogen  is  tinged  purple  or  violet  by  a  trace  of 
potassium  vaporized  by  the  heat.  With  all  colourless  acids,  potassium  forms 
colourless  salts,  and  always  behaves  as  a  monad. 

(For  dtUction,  separation^  and  estimation  of  Potassium,  see  Author's  Analytical  Chemistiy, 
pa^es  ^T  and  ITI.) 


SODIUM.-PO  TASSIUM.—SIL  VER. 


SILVER  {Argenium),    Symbol.  Ag,    Atomic  Weight,  108.    Specific  Gravity, 
10-47.    Uelting  Point,  white  heat. 
The  Hartz  mountains  in  Germany,  Kon^berg  in  Norway,  and  the  Anden 
trf  Ainenca  appear  to  be  Hie  seats  of  the  chief  silver  mines.     This  beautiflj 
neUU  is  found  in  the  fomis  of  sulphide,  chloride,  iodide,  and  bromide  ;  ani^| 
occasionally   it  ofcurs  almost    pure.     TTie  ore,  having  been  powdered  and| 
mixed  with  common  salt,  is  svibjected  to  a  low  red  heat  in  a  suitable  fiimacCi 
the  result  being  that  a:ny  lolphide  of  silver  present  is  transformed  into  chloride. 
The  whole  is  then  transferred  to  a  cylindrical  vessel  revolving  on  its  axis, 
into  which  arc  likewise  introduced  water  and  scraps  of  iron,  the  arrangement^ 
and  its  contents  being  kept  in  motion  until  the  silver  chloride  is  reduced  bvfl 
the  iron  to  luetal     Mercury  is  now  poured  on  the  mass,  and  tlie  IrituratioiB 
repealed,  when  the  mercury  unites  with  the  silver,  gold,  and  metallic  COppCljJ 
producing  a  fluid  amalgam  which  is  readily  separated  from  the  mud  in  thtf^ 
vessel  by  subsidence  and  washing.     A  strong  linen  clolh  is  presently  brought 
into  ref|uisition,  through  which  the  amalgam    is  strained,  the  solid  portion 
remaining  being  subjected  to  distillation,  by  which  its  mercury  is  volatilized 
!»nd  th.:  impure  silver  left.  ■ 

E^cry  specimen,  nearly,  of  native  lead  sulphide  contains  silver;  but  il^| 
catiriiiriinn  rarely  pays  for  the  expense.  ■ 

;-^ii..i   IS  .ilso  obtained  by  roasting  the  ore  with  pyrites,  which  converts  thfra 
-Tgentic  sulphate,  the  heat  being  so  regulated  that  the  ferrous  sul- 
[noduced.  becomes  decomposed  towards  the  end  of  the  process, 
■  jiper  is  tlien  introduced,  which  decomposes  the  argentic  sulphate, 
^..^..  ..  „..i.ui.ition  of  metallic  silver  follows,  leaving  cnpric  solphate  in  solu- _ 
Uoo  ;  thus  yielding  a  product  of  great  commercial  value  :—  m 

AgjSO,  +  Cu  =  Agj  +  CuSO^.  I 

Chemically  pure  silver  may  be  prepared  from  any  alloy  containing  it,  sudn 
as  a  silver  coin,  by  dissolving  the  article  in  dilute  nitric  acid  aided  by  heaJ 
The  addition  of  hydrochloric  acid  will  precipitate  the  silver  in  the  form  ojB 
oUflrld«,  leaving  the  other  metals  in  solution.  The  argentic  chloride  havinM 
been  collected  and  washed  with  boiling  water,  may  now  be  reduced  to  th^| 
nctallti:  state  by  any  of  the  following  processes  : —  fl 

L  By  fusing  it  with  a  mixture  of  potassium  with  sodinm  carbonate  : — '  ■ 

aAgCI  +  KNaCOa  =  Afe  +  KCl  +  NaCI  +  COj  +  0.  1 

(This  is  the  E.P.  process.) 
L(.  By  boiling  with  an  alkaline  solution  of  glnoose.     (Argentic  chloride,  by 
ihe  action  of  potassium  hydrate,  yields  argentic  oxide,  from  which 
glucose  reduces  the  metal.)  ■ 

ni.  By  reducing  the  freshly  precipitated  chloride  with  sine  and  very  dilute  a 
■alphnric  acid  :^  I 

4AgCI  +  Zn,  =  aZnCl,  +  aAg,.  1 

Silver  requires  the  power  of  a  white  heat  in  order  to  melt  it ;  and  although, 
when  b  a  state  of  fusion  in  contact  with  the  air.  it  absorbs  oxygen,  this  gns 
<Jt»C8  not  combine  with  it  to  form  an  oxide,  but  is  entirely  rejected  by  the 
metal  during  the  process  of  cooling.  Silver  is  not  acted  upon  either  by  cold 
hydrochloric  or  siUphuiic  acids,  but  od  being  boiled  with  the  latter  it  disaolves, 
forming  argentic  sulphate  ; — 

Agg  +  2HsS04  =  Ag,SO«  +  SO,  +  aHjO. 
The  best  solvent  for  silver  is  dilute  nitric  acid,  in  which  it  dissolves  freely  I 
oa  the  application  of  a  gentle  heat,  and  forms  argentic  nitrate. 
3Agj  +  SHNOj  =  6AgN0,  +  aNO  +  4HsO. 
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Wbeo  sfl»ei  is  digested  in  pure  Urotig  nitric  add  (sp,  gr.  r^j),  it  diisolvcs 

ooljf  by  (be  apptkation  of  heat,  but  the     presence  of  ctcb  a.  trace  of  nitroiu 

acid  causes  iniinedLue  actioo.     It  comliints  directly  with  solpbnr,  oUwise, 

iodine, and fanmina.  Byibeaciionofnilphnrettedhrdrogenit  isblackeoed:— 

Afo-t.H,S=  Ag^^H^ 

Silver  is  iDonad  in  aH  its  cooipound&,  ailTer  chloride  being  AgCI,  snUhal* 
A&SO, 

<Av  ^ttrAn,  ufmrvtmt,  ami  atimMitm  tfSiAtr,  mt  Autiuw'i  katXytical  aamiitij,  /u;c 
a?  and  165.)  . 

-  Class  U.   DYADS. 

■  Group  i.  consists  of  tite  three  metals,  caltiniii,  strontinm,  and  bftrinn, 
H  which  unite  with  oxygen  to  form  oxides  called  •■^k4line  eatths,"  Like 
I  the  former  class,  they  each  form  but  ODe  chloride,  but  ihdr  cuboDates 

■  are  wholly  insotubte  in  water. 

I  Croup  2.  The    resemblance  between  cadnumn,  aiac,  and  magneeiiUD  con- 

■  sisis  in  the  fact  that  they  are  volatile  at  high  tetnpecaiuies  buming 
B  when  healed  in  the  air ;  that,  they  each  form  only  one  oxide  and  one 

■  chloride;  and  that  they  dis^ilace  the  hydrogen  from  dilute  acids. 
I  Formerly,  magnesium  was  regarded  as  one  of  the  earth  metals,  but  it 
I  is  now  held  to  evince  a  closer  analogy  to  linr, 

I    Group  3.  Copper  and  mercnry  are  powerless  lo  decompose  water  at  anj 

■  temperature,  but  are  themselves  oxidized  by  nitric  and  strong  sulphuiic 

■  acids,  and  they  each  form  two  chlorides  and  two  oxides. 

CALdUlL  Symbol,  Ca.  Atomic  Weiebt,  4a  Spacific  Gravity.  ISWB- 
Of  all  the  alkaline-earthy  metals,  calcium  is  the  most  copiously  distributed, 
entering  into  the  composition  of  entire  mounuin  ranges;  and  yet  it  neW 
occurs  in  a  frtc  stale,  but  always  in  combinaiion  with  other  substances  Its 
compounds  exist  in  the  forms  of  carbonate,  tnngatate,  BiUpbate  nitrate  ^' 
cate,  arseniate,  chloride,  and  fluoride,  in  rocks  and  earths ;  as  carbonate  and 
ph08phat«  in  animal  bones  ;  as  carbonate  m  the  shells  of  cnistacea  and  t»- 
tacca;  and  it  exhibits  its  presence  in  the  ash  of  nearly  every  plant,  and  »' 
held  in  solution  by  all  waters. 

The  meul  may  be  procured  by  the  electrolysis  of  tsalciom  chloric*,  or  ht 
.      the  acUon  of  sodioin  vapour  upon  the  same  : —  «••«,  w  uj 

I  aCaCl,  +  2N3j  =  00;,  +  4NaCI. 

I  As  this  metal  rapidly  oxidizes  when  in  contact  with  air,  especiallv  if  it  >« 
I  motst,  preservation  in  mineral  naphtha  is  necessary  In  ^,i  '  "  "." 
malleability,  and  hardness,  it  resembles  gold.  Heatedin  the^?'  '  •^""''"i'' 
foQ  over  a  spirit-lamp,  it  oxidizes  with  a  brilliant  flash  C\t  \  P'^l""™- 
with  other  metals  comparatively  little  is  at  present  known  "^,  *^'*!"P'»"'ds 
amalgam  with  mercury,  but  as  yet,  in  the  arts,  calcium  hai  r-^-  j''"™^  aa 
tical  application.     Thrown  on  water  or  on  acids  it  ignites.      ^^"'***  "«  P»c- 

The  common  forms  of  calcium  carbonate  are  Umaton,  anH  i, 

rarer  and  purer  states  are  calc-spar  and  arraganitt.  marble,  while  its 

{Ftr  JMdhH.  .eparathn,  and  istimatwn  of  Calcium.    ,„   AntA^-     .„.,  «     , 
fiascos ""■^m)  Analjticil  ClwmirtiT, 

IflnWNTIUlt    Symbol.  Sr.     Atomic  Weight,  87-5.    g-.^--   „ 
I     This  metal  uki  its  name  fi:om.Strontian,  U.  Argy,,,^'^'^^"'"*?- «'*«8- 
ft)bgerved  in  the  fonw  of  carbonate  in  1787 ;  and  it  his   '''';•  *''>*^^«  was  first 
^  ^'""^e  oeen  detected,  to 


f:tVAf.Sr/!O.VTIC'M.~  BARIUAf.-^m 

Tmmtcd  exicnt,  in  a  sall-spring  at  Eger,   in  sea-water,  and  in  the  mineral 

aien  of  Kabcr-Franzensbrunneu.    The  nalive  carbonate  (stmnlianite.  SrCO.) 

Lnd  the  mlpfaate  {catatin,  SrSO^)  are  the  chief  sources  of  stroniium,  which  in 

itne  respects  resembles  calcium  and  barium.     This  metal  resembles  calcium 

pmsessing  a  similat  yellow  colour ;  but  it  oxidizes  in  the  air  with  much 

n.Ier  rapidity,  and    it  ignites   wlien    thrown    upon    water   and   on    acids. 

nonliinn  jiussesses  no  pharmaceutical  interest,  its  iise  being  almost  altogether 

Ilunitcd  to  pyrotechnical  display.     The  strontium  nitrate  is  invaluable  for  this 

purpose,  owing  to  tlie  brilliant  crimson  colour  it  may  be  made  to  communicate 

to  flame. 

t^T  JitKtiJH,  ^cfatttlhn,  and  utimatiea  of  StroatiHi 
f^gtiU""^  17*-) 


■t  AulAiir'i  AiuljtkBl 


BASimC.  Symbol,  fia.  Atomic  Weight,  137.  Specific  Gh-avity,  4.  lEettiiig 
Point,  b^ow  rednesB. 
The  metal  barium,  although  as  yet  unapplied  to  any  practical  purpose  in 
(he  wis  or  ;ciences,  is  peculiar  on  account  of  the  great  density  of  its  cora- 
fioundi.  It  is  from  this  circumstance  that  its  name  has  been  taken  from  the 
Ureckwori!,  ^apvt,  heavy.  Its  chief  sources  arc  the  native  carbonate  {iVitht- 
**.  BaCO.i)  and  sulphate  {baryta,  or  heavy  spar,  BaSO^),  From  the  former 
(barium  carbonate)  the  rarer  barium  salts  are  prepared  ;  whilst  from  the  latter, 
»  *at)siituie  for  white-lead,  used  in  oil  painting,  is  derived. 

Never  found  uncombined,  it  is  obtained  by  passing  BOdinm  vapour  over 
fu«d  Wium  chloride,  or  by  the  electrolysis  of  the  latter  : — 
zBaClj  +  iNa,  =  Bag  +  4NaCl. 
Birium  is  ductile,  and  may  be  hammered  out  into  a  sheet ;  but  as  it  oxidizes 
'**?  rsjiidly  in  the  air,  these  useful  properties  give  it  no  practical   utility. 
^tid  in  the  air,  it  oxiilizes  with  a  dark  red  light,  and  with  a  greenish  Home 
*"»(  the  oxy-liydrogen  blowpipe. 
W»r  itlatinH,  itparalisn,  and  titimaliDn  of  Barium,  ut  Aiithar'i  AamlrtlMl  Chemiltrr, 

*WlIESrUM.    Symbol,  Mg.   Atomic  Weight.  24.    Specific  Gravity.  1-7430. 

Belting  Point,  762°  P. 

Magnesiuiu  is  usually  extracted  from  dolomite  (m^inesinm   and   calciun 

^^bonate)  or  from  its  various  silicates.     It  also  occurs  in  springs  in  the  form 

'^^Piani  salts  (magnasiiim  sulphate)  in  sea-water ;  in  the  structure  of  animals 

^^piants;  and  in  combination  with  acids  derived  from  organic  sources. 

''^^ia   alba    (mE^nesinm   carbonate)  was  formerly  used  in  Rome  as  a 

JJticine  about  the  commencement  of  the    18th  century;  but  it  was  Sir  H. 

"^yho  first  obtained  the  pure  metal,  which  may  be  eliminated  by  electrolysis, 

JifotlowB.     Iniroduce  into  the  bowl  of  a  common  tobacco-pipe,  a  mixture  of 

"""pans  magnesium  chloride,  three  parts  polassinm  chloride,  with  a  httle 

mBOninm  chloride.     Heat  the  bowl  over  the  flame  of  a  spirit-lamp  or  Bun- 

(Ml  Liurner,  the  negative  pole  being  an  iron  wire  passed  up  the  pipe  stem, 

Mid  the  positive  pole  a  fragment  of  coke,  which  must  touch  the  surface  of  the 

ftwd  amlents,  when   the  metal  will  appear  in  the  form  of  globules.     For 

rommcrcuil  purposes,  magnesium  is  jiroduced  by  heating  together  to  bright 

ndness,  in  a  covered  earthen  crucible,  a  mixture  of  six  parts  magnesinm 

aUoride,  one  part  fused  sodinm  chloride,  one  part  pulverized  calcium  flnoride, 

sod  one  part  of  sodinm,  when  the  metal  collects  in  large  globules, 

In  dry  air  magnesium    oxidises  with  difficulty,  but  a  moist  atmosphere 

"*"  converts  it  into  the  Oxide.    Strongly  heated,  as  when  being  held  ii  "' 
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flame  of  a  lamp  or  gas  jet,  it  ignites,  bums  with  an  intense  white  light,  and 
deposits  magnesium  oxide.  The  metal  is  rapidly  soluble  in  very  dilute 
hydrochloric  and  sulphuric  acids,  with  the  evolution  of  hjrdrogen ;  but  it  is 
only  slowly  soluble  in  strong  siilphiiric  acid.  When  thrown  into  strong 
hydrochloric  acid  it  momentarily  takes  fire.  In  its  behaviour  it  is  invariably 
a  dyad.  It  forms  a  solid  amaJgam  with  mercury,  either  when  the  two  are 
heated  together  or  when  produced  by  electrolysis  in  the  presence  of  the  latter 
metal. 

The  chief  native  magnesium  silicates  may  be  noted  to  be  as  follows  : — 

Chrysolite        ..         .         .     MggSiO^. 

Mica  or  Talc   .        .         .     4MgSi03Si024H30. 

Meerschaum    .         .         .     2MgSi03Si02. 

Soapstone  is  magnesium  aluminium  silicate,  while  augite  and  hornblende  are 
magnesium  and  calcium  silicates  with  a  little  iron. 

{For  ditectiott^  separation ^  and  estimtUion  of  Magnesium ,  see  Auihot^s  Analytical  Clieinistry, 
pages  ^S  and  174.) 

ZINC.    Symbol,  Zn.    Atomic  Weight,  65.    Specific  Gravity,  from  6*8  to  7*2. 
Melting  Point,  773°  P. 

Zinc  is  largely  found  in  the  forms  of  carbonate  (ca/amine),  Bnlphide  {plcnde^ 
or  blackjack)^  and  oxide  (red  zinc-ore)  \  and  it  appears  in  less  abundance  as 
aluminate,  arseniate,  phosphate,  and  sulphate ;  but  the  most  valuable  of  all 
the  zinc  ores  is  the  calamine^  or  native  carbonate,  so  na.med  on  account  of 
the  structural  resemblance  of  the  mineral  to  a  reed.  Although  not  usually 
a  constituent  of  plants,  this  metal  has  been  discovered  in  the' ash  of  the  Viola 
calaminaria,  a  violet  which  flourishes  in  Rhenish  Prussia  on  the  dibris  of  the 
calamine  mines  in  that  district     Zinc  is  extracted  as  follows : — 

The  ore,  after  subjection  to  a  preliminary  calcination,  is  mixed  with  half 
its  weight  of  powdered  charcoal,  anthracite,  or  coke,  and  heated  in  muffles 
furnished  with  a  rectangular  flue,  when  the  mingled  vapours  of  carbonic  oxide 
and  zinc  pass  off,  and  the  latter,  on  condensing,  drops  from  the  opening  in  a 
liquid  condition.  As  a  secondary  product  in  the  smelting  of  lead  ores,  zinc 
is  not  disregarded.  Provision  is  usually  made  for  the  condensation  of  the 
fumes,  which  are  received  upon  a  slanting  stone  (called  at  Goslar,  in  the 
Hartz  mountains,  the  zinc  stool),  from  whence  the  metal  is  collected,  melted 
in  iron  pots,  and  poured  out  on  tables. 

The  change  effected  on  zinc  ore  in  the  furnace  is  as  follows  : — 

I .  ZnCOa  =  ZnO  +  COg,  or  2ZnS  +  3O2  =  2ZnO  +  2SO2. 
2.  4ZnO  +  Cg  =  2Zn8  +  2CO3. 

The  first  portions  of  the  zinc  which  volatilize,  are  generally  rendered  impure 
by  the  presence  of  cadmium  and  axBenic.  On  this  account  they  are  occasion- 
ally rejected,  or  are  subjected  to  special  purification.  When  the  metal  is 
strongly  heated  it  vaporizes,  and  the  fumes  bum  in  the  air  with  a  brilliant 
white  flame,  resulting  in  the  formation  of  zinc  oxide.  Zinc  is  readily  soluble 
in  dilute  sulphuric,  hydrochloric,  and  nitric  acids.  It  combines  directly  with 
chlorine,  bromine,  and  iodine;  in  all  its  compounds  behaving  as  a  dyad. 
Cold  strong  sulphuric  acid  has  little  or  no  action  upon  zinc,  but  the  dilute 
acid  forms  zinc  sulphate  with  the  evolution  of  hydrogen.  Hydrogen  is  like- 
wise evolved  when  the  metal  is  treated,  with  hydrochloric  acid,  the  result 
being  zinc  chloride.  Tolerably  strong  nitric  acid  unites  with  it,  and  forms 
zinc  nitrate,  with  the  evolution  of  nitric  oxide ;  whilst  very  dilute  nitric  acid 
in  forming  zinc  nitrate  produces  ammonia.  This  metal  is  soluble  in  potas- 
sium and  sodium  hydrates,  with  the  evolution  of  hydrogen. 


ZINC— CADMIUM.— COPPEK. 

Ziac  it  brinle,  and  slowly  tarnishes  or  oxidizes  when  exposed  to  ihe  air ; 
if  heated  from  248°  to  192°  Fahrenheit,  it  becomes  malleable,  and  and 
tu^  be  hammered  or  rolled  without  risk  of  disintegration,  retaining  this  valu- 
Mi  property  on  cooling.  This  is  how  the  slieet-zinc  of  commerce,  which 
u  uow  jrai  to  so  many  varied  and  important  uses,  is  made.  The  so-called 
"gilTuiied  iron  "  is  simply  abeet-iron  upon  which  a  coating  of  zinc  has 
liKD  deposited  of  sufKcient  thickness  to  prevent  rusting  for  a  long  time. 
Sntutl  BilTer  is  a  compound  consisting  of  nickel  and  zinc. 

\fa  iHatian,  ufiaralum,  and  istimaHan  of  Zim,  sa  Junior's  AukIjUmI  dumUtrj,  faga 


CADIDCM.     Symbol,  Cd.    Atomic  Weight,  112.     Specific  Oravity,  8*60. 

Heiting  point,  500°  F. 

Bijiiopsiown  in  Renfrewshire  has  the  distinction  of  producing  the  only  pure 

nitivt  suutce  of  this  metal  at  present  known.     It  occurs  there  in  the  form  of 

ftl^bide,  and  passes  under  the  name  of  GreemckiU.     In  small  quantities  it  is 

ftwmlalso  in  the  bitnde  of  Hungary  and  Nuisstre,  and  in  the  zinc  ores  from 

Frwbcfg,  Mendip,  Silesia,  in  tbe  smelting  of  which  it  is  obtained  as  a  secondary 

pnxtuct  of  importance.     Owing  to  its  greater  volatility,  its  vapour  appears 

wifi;;  tlic  first  results  of  distillation.     The  distillate  is  dissolved  in  warm 

'    -'        '      .icid,  and  the  metal  afterwards  precipitated  by  the  addition  of 

iiydrogen,  which  throws  it  down  as  a  yellow  sulphide,  and  yields 

\\  esteemed  for  its  rich  golden  colour  and  permanence.     This 

Acd  in  hydrochloric  acid  and  treated  with  metallic  zinc,  deposits 

ibcHict,U. 

aCdClj  +  Znj  =  Cdg  +  sZnClj. 
It  volatilizes  at  about  650"  F.  without  odour,  and  is  white  with  a  blue  tinge, 
Soible,  malleable,  lustrous,  and  ductile.  Always  dyad,  it  combines  directly  wilh 
eUorlne,  iodine,  and  bromiae,  and  is  dissolved  with  ease  by  hydrochloric  and 
nitric  adds,  but  with  difficuliy  by  salplinric.  Heated  in  contact  with  the  air, 
ilf^ites,  producing  brOwn  cadmium  oside.  It  forms  a  silvery  alloy  with 
pUnnum,  and  yellowish  with  copper. 


,  stfanUion.  anJ  a/iiuarurn  of  C^iiimium,  set  Aulhar's  AjuJytical  Chemiitry, 


C0FP8B  (Cuprum).     Symbol,  Co.   Atomic  Weight,  63-4.    Specific  Gravity, 
8'98.    Uelting  point,  bright  red  heat. 
Frooi  the  fact  that  copper  is  found  naturally  in   the  metallic  state,  and  is 
dnctile  and  malleable  immediately  after  fusion,  we  have  no  difficulty  in  arriv- 
ing at  the  reason  why  this  metal  should  have  been  used  by  primitive  man  for 
the  fashioning  of  agricultural  implements,  rude  tools,  and  weapons  of  war. 
long  before  iron.     Copper  is  abundantly  distributed,  and  the  following  ores 
■fC  those   which  exhibit  its  usual  form  -.—copper  pyriln  (ciiproaa  sulphide 
wilh  fmic  Bslphide,  CujSFesSj),  malachite  (cnpric  carbonate  witli  cnpric 
hjdniU,  CuCO^CujHO},  cnpric  enlphide   (CuS),  and    cnpric    stUphate 
(CuSO^).     The  metal  is  usually  obtained  either  from   the  copper  pyrlles  or 
fitom  the  cupric  sulphide.    These  are  roasted  in  the  air  till  part  of  the  stllphide 
B  convened  into  oxide ;  and  when  the  mass  is  heated,  without  contact  with 
metallic  copper  and  snlphnrons  anhydride  result 
aCuS+iOj-sCuO  +  SO^. 
4CuO  +  iCuS  =  3CUii  4  aSOg. 
to  remove  a  tittle  cnproas  oxide  which  generally  remains  undecom- 
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posed,  the  fused  metal  is  stirred  with  a  piece  of  green  wood.   Copper,  although, 
a  dyad  metal,  possesses  the  properij  of  becoming  seU^saturatcd,  Cu%  pro- 
ducing (Cus)^     The  former  is  the  nidical  of  atpnc  salts,  the  latter  of  cuprous. 
The  cupric  salts  are  by  far  the  more  important,  none  of  the  cuprous  being 
either  luiown  in  commerce  or  used  in  medicine. 

This  metal  resists  the  action  of  either  dilute  inlphuric  or  hydrochlorie 
acids ;  but  strong  sulphuric  add,  aided  by  heat,  converts  it  into  enprie 
sulphate,  with  the  evolution  of  salpkarofiis  aaliydride.  It  is  acted  upon  by 
nitric  acid  whether  strong  or  dilute,  which  attacks  it  readily,  forming  enprie 
nitrate,  ^n'th  the  evolution  of  nitric  oxide.  When  the  acid  is  hot  and  strong, 
a  little  nitrogen  is  also  formed ;  and  when  cold  and  dilute,  the  evolved  gas 
contains  a  little  nitrous  oxide.  When  heated  in  the  air,  copper  oxidizes 
without  inflaming. 

Our  bronze  coinage  is  an  alloy  into  which  4  per  cent  of  tin  and  i  per  cent 
of  zinc  with  95  per  cent  of  copper  enter.  Copper  unites  with  a  great  number 
of  other  metals,  such  as  gold,  silver,  cadmium,  iron,  lead,  aluminium,  antimony, 
and  even  wuh  arsenic,  forming  with  the  last  named,  very  definite,  grey,  brittle 
compounds. 

{Far  dittctioH^  separation^  amdtstimatwn  tf  Ccpfer^  see  Amtkar's  Aaalytiad  Chemistry, /k^j 
31  am/  167.) 


KEECUBY  (Hydrargyrum).    Symbol,  Hg.    Atomic  Weight,  200.   Spedflc 
Gravity,  13'5a    Bofling  Point,  653°  F. 

A])art  from  the  singularity  of  its  appearance,  mercury  is  deserving  of  special 
attention  on  accoimt  of  the  varied  and  important  purposes  to  which  it  is 
applied  both  in  pharmacy  and  in  the  arts.  Known  from  the  earliest  times, 
cinnabar  (mercuric  snlphide)  was  employed  as  a  pigment  by  the  ancients ; 
calomel  (mercnrons  chloride)  was  familiar  to  the  alchemists;  and  corrosive 
sublimate  (mercuric  choride)  at  an  early  period  was  common  among  the 
Arabians. 

Although  often  found  in  the  form  of  globules  distributed  throughout  the 
substance  of  its  ores ;  in  combination  with-gold  and  silver,  as  amalgams  ;  as 
chloride,  iodide,  and  rarely  as  selenide, — it  is  in  the  form  of  sulphide  that  we 
meet  the  source  from  which  the  bulk  of  the  mercur\'  of  commerce  is  obtained. 
The  chief  cinnabar  mines  are  those  of  Almaden  in  Spain,  and  Idria  in  lUyria  ; 
but  in  Bavaria,  Bohemia,  Hungar)*,  and  some  other  parts  of  Europe  the  ore 
occurs  sparingly ;  whilst  in  China  and  Japan,  Peru  and  California,  it  is  much 
more  extensively  found. 

Cinnabar  is  deprived  of  its  mercuT}*  by  two  methods,  />.,  by  roasting  in  the 
air,  or  by  being  heated  with  quicklime  (calciam  oxide).  By  the  first  process 
the  following  effect  is  produced  : — 

2HgS  +  2O2  =  Hg,  +  2SOj 

AMien  calcium  oxide  is  used,  calcium  sulphide  is  formed,  oxygen  being 
evolved  : — 

2HgS  +  2CaO  =  Hga  +  2CaS  +  O^. 

By  the  action  of  metallic  iron  we  can  also  obtain  mercury  firom  cinnabar : — 

2HgS  +  Fco  =  Hgo  +  2FeS. 

The  boiling  point  of  mercurj-  being  662°  R,  in  all  the  preceding  processes 
it  distils  over,  and  condenses  in  chambers  ha\-ing  an  inclined  floor,  which 
enables  the  metal  to  run  out  and  be  collected.  Its  purification  is  accomplished 
by  pressure  through  wash-leather  and  redistillation. 

In  atomicity  mercur)'  is  a  dyad,  although  it  has   the  property  of  self- 
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ration  so  as  to  produce   (Hg,)".   the  radical  of  mmurous  salts, 
_.g  the  radical  of  nirreurii  compounds. 

fclctniry  is  rapidly  oxidized  on  exposure  to  the  air,  when  at  a  temperaturii 

approaching  66^°  F.,  but  is  only  slowly  oxidized  by  moist  air  at   the  Qormu 

heal  of  the  surrounding  almosphere.  \ 

Hydrochloric  and  dilute  Bulphnric  acids  exert  no  action  upon  this  nielfllg 

but  strong,  boiling  snlphoric  acid  converts  it  into  sulphate,  with  tlie  evoltlr 

tion  of  salphnroua  anhydride.     Dilute  nitric  acid  dissolves  it,  and  a  mixluri 

of  mexcnric  and  mercurouB  nitrates  results,  unless  the  temperature  of  the  adq 

h:is  1ti:.(i  low  throughout  the  progress  of  the  operation,  in  which  case  only  th<r 

'iiained.     The  action  oi pure  nitric  acid  of  1-41  specific  gravity* 

1 1  unless  some  nitrous  acid  be  present 

).)rm.;  amalgams  with  many  metals,  notably  zinc,  lead,  gold,  silver, 

.   md  sodium.     The  latter  compound  is  extensively  used  in  organic 

tcsMf'Th,     Tin  amalgam  is  used  for  "  silvering"  mirrors. 

(/>r  Ai/rtiim,  irfaraliea,  and  alimalion  e/  Mtrtury,  see  AulAor'i  Analylioil  Ch8niiBtry,H 

/^fKl  33,  jOl  HH^  IG6,]  " 


Class  III,  TRIADS. 
Tbc  only  tnetal  of  interest  to  us  in  this  group  is  ; — 

OOU)  (Aiirum).  Symbol,  An.  Atomic  Weight,  1967.  Speciflo  GravityJ 
19'5I).  Kelting  point  (avtrage),  2435"  ¥.  {Pmillel,  2192°;  Marvea^!\ 
1518°;  Daniel!,  2596'^ 

If  ihc  eagerness  with  which  any  natural  production  is  sought  after  by  all 
cooditions  of  civilized  man  be  a  correct  inde\  of  its  value,  then  indeed  gold 
Standii  pte-cmineni.     But  this  beautiful  and  much  desired  metal  has  special— 
nciil&  of  its  own,  which  would  amply  recommend  it,  even  were  it  as  cheap  a 
noiL 

Probably  no  substance  amidst  all  our  geological  treasures  is  more  impartialltl 

dntiibuted  over  ihe  globe  than  gold,  inasmuch  as,  in  some  form  or  other,  it  M 

ro«in<l  in  every  country  under  the  sun.     In  Europe  our  chief  sources  of  suppljl 

are  Transylvania  and  Hungary  ;  but  it  occurs  in  notable  quantities  in  the  sanffll 

i.if  [).i-  Rhmt;,  the  Aar,  and  the    Reuss ;  it  lurks  amidst  the  recesses  of  the] 

.  .![(.-   Rosa,   and  Val  d'Aosta ;    and  to  come  nearer  home,  we  are 

;,  gratified  by  a  glimpse  of  its  ghttering  particles  in   the  streams  of 

;uj  amidst  the  rocky  fastnesses  of  Scotland  and  Ireland.     The  Ural 

i-.  Siberia,  ihe  Altai  and  Cailas  mountains,  China,  Ceylon,  and  the 

Ejatcia  .\rchipelago.  all  yield  a  copious  Asiatic  tribute  of  gold  ;    Africa  has 

its  luincs  at  Kordofan,  between  Darfour  and  Abyssinia  ;  the  Oplur  of  Solomon 

is  su(i|iosed  to  have  been  on  the  coast  opposite  ilie  island  of  Madagascar;  and 

wc  have  Icamt  from  Dr.  Livingstone  and  other  travellers,  of  rivers  that  teem 

wWi  golden  sand.     In  the  New  World  we  find  gold  abundant  in   Brazil,  Ne» 

Granada,   and  Chili;    in   Mexico,  California,   British    Columbia,  and    Nova] 

Scoiia.    And  lastly,  Australia   and  New  Zealand  produce  the  much-covete(f 

racial  in  abundance. 

Gold  is  invariably  found  in  the  metallic  state  ;  in  the  sands  of  rivers  h 
form  of  du&I ;  in  auriferous  quartz  as  grains ;  and  under  the  surface  of  tl 
earth  in  the  alluvial  deposits  formed  by  the  disintegration  of  auriferous  s 

Probably  the  purest  samples  yet  obtained  are  those  from  Schabrowski  iffl 
the  Ural  mountains,  one  of  which  was  found  to  contain  98'g6  per  cent  tf^ 
the  pore  metaL  But  our  Australian  gold  does  not  compare  unfavourably  evM 
witli  this  remarkable  assay,  as  it  averages  from  96  to  96-6  per  cent. 
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The  extraction  of  this  metal  from  the  mineral  substances  mechanically 
associated  with  it  is  remarkably  simple.  It  consists  in  washing  with  water 
to  remove  earth  and  clay,  leaving  the  metal,  either  pure  or  alloyed^  behind ; 
or  by  treating  the  bruised  aunferous  rock  with  mercury,  thus  forming  an 
amalgam,  which  is  afterwards  purified  and  separated  into  its  constituent  parts 
by  pressure  through  wash-leather,  the  removal  of  the  mercury  by  distillation, 
and  treatment  with  nitric  acid  to  dissolve  out  the  silver. 

Gold  does  not  combine  directly  with  sulphur,  although  it  is  tarnished  by 
the  presence  of  sulphuretted  hydrogen. 

It  is  insoluble  in  all  simple  acids,  but  dissolves  in  nitro-hydrochloric  acid, 
and  in  solutions  of  chlorine,  iodine,  and  bromine.  In  its  compounds  it  acts  as 
a  triad,  but  may  by  partial  self-saturation  act  as  a  monad.  The  chloride  pro- 
duced by  its  solution  in  the  first-mentioned  solvent  is  auric  chloride  (Au'"CIs). 

Its  oxide  does  not  combine  with  oxy-acids  to  form  salts.  In  the  air,  gold 
undergoes  no  change,  not  even  when  strongly  heated  ;  but  under  the  effect  of 
a  powerful  current  of  electricity,  thin  leaves  or  minute  wires  are  volatilized. 
Gold  forms  compounds  with  most  metals ;  the  copper  alloy  is  that  used  for 
coin,  jewellery,  etc.     Gold  Bolder  is  frequently  partly  silver  as  well  as  copper. 

{For  detection^  separation^  and  estimation  of  Gold^  see  Authors  Analytical  Chemistry, /^(fi 
35  and  1 68.) 

Class    IV.    TETRADS. 

ALIJHINIIJH.      Symbol,  AL     Atomic  Weight,  27*4.     Specific  Oravity, 
2*56  to  2*67. 

Aluminium  occurs  in  nature  as  oxide  (Alg  O3),  and  in  many  minerals  as 
silicate.  It  is  prepared  by  jieating  its  chloride  or  fluoride  with  metallic 
sodium. 

AlgClg  +  jNag  =  Alg  +  6NaCL 

This  metal  does  not  readily  oxidize ;  is  but  slowly  attacked  even  by  boiling 
nitric  acid.  Hydrochloric  acid  dissolves  it  readily,  with  the  evolution  of 
hydrogen. 

AI2  +  6HC1  =  AlgClg  +  sHg. 

It  is  not  acted  upon  by  dilute  snlphnric  acid,  and  scarcely  at  all  by  pure 
acetic  acid. 

In  solutions  of  alkaline  hydrates  it  dissolves  readily,  producing  aluminates 
and  evolving  hydrogen : — 

AI3  +  2KHO  +  2H2O  =  KjAlgO^  +  3H  .^ 

In  no  compound  does  the  single  atom,  Al,  exist,  but  always  the  double 
atom,  Alo,  which  acts  as  a  hexad. 

Great  hopes  were  raised  with  respect  to  the  application  of  aluminium  in 

the  arts,  owing  to  its  extreme  lightness  and  the  manner  in  which  it  resists 

oxidation.     Deville  was  the  first  chemist  who  succeeded  in  obtaining  it  in  a 

pure  metallic  state.     The  so-called  "  aluminium  gold,**  is  nine-tenths  copper 

and  one-tenth  aluminium,  and  is  also  known  as  aluminium  bronze. 

{For  detection^  separation^  and  estimation  of  Aluminium ^  see  ^^M^Tr^/Analytieal  Chemistry, 
pages  ^^  and  l^2,) 

KANGAirESE.    Symbol,  Mn.    Atomic  Weight,  55.    Specific  Gravity,  8. 

Manganese  occurs  in  the  ashes  of  plants  and  in  several  ores,  of  which 
pyrolusite  (manganic  dioxide,  MnO^)  is  the  chief.  It  is  prepared  by  igniting 
this  mineral,  mixing. the  product  with  charcoal,  and  subjecting  the  combina- 


tioa  to  intense  heat.  The  metal  so  obtained  is  not  readily  fusible,  and  i 
quickly  oxidized  bj  exposure  to  the  air.  It  is  a  tclrad  in  atomicity }  but  twi 
of  its  powers  are  generally  latent,  and  thus  it  behaves  as  a  dyad.  The  maa 
ganic  salts  are  bui  lialc  known,  the  niaiiganous  only  being  worthy  of  aiieniion 
Msuxgancsc  is  jiractically  insolulile  in  cold  strongs  Bttlphnric  acid,  bul  aoL 
heating  it  dissolves,  cvolvini;  sulphorotu  anhydride.  !i  is  freely  soluble  id 
very  dUnte  aolpharlc  and  hydrochloric  acids,  with  the  evolution  ol'hydrog 
and  it  is  also  readily  aitaokcd  by  nitric  and  acetic  acids.  Manganous  s 
arc  the  only  ones  |)roduced  by  the  direct  solution  of  the  meliil  in  acids.  ' 
material  known  as  " spit^-eiim"  (mirror-iron)  and  employed  in  commerce al 
an  addition  to  improve  the  quality  of  iron  and  sieel,  is  an  alloy  of  about  foul 
pcma  of  iron  to  one  of  manganese. 

\Fer  litSatifm,  ufiaratian,  aKd  ntimalioa  tf  Mangnneit,  lei  Author' \  ijulTtlcal  CbemiatTJ, 
*^  Ifi  and  171.] 

ISOH  (Ffrrum).    Symbol,  Fe.    Atomic  Weight,  56.    Bpeciflc  GraTity,  771 

Jf  wc  consider  the  astonishing  strides  made  in  human  industry,  and  lo  whfl 
an  extent  ctvili^tion  has-s|)read  since  the  universal  use  of  iron  among  cutti 
rated  nations,  we  cannot  fail  to  admit  that  although  this  metid  may  not  b^ 
■Dlrinslcalty  the  most  valtuble,  It  is  by  far  the  most  important.  la  thfl 
metallic  state  it  is  of  very  limited  occurrence ;  and  with  the  exception  of  JT 
iriAing  vein  in  the  state  of  Connecticut,  and  isolated  masses  found  on  th( 
HiT&cc  in  various  parts  of  the  world,  svipposed  to  be  of  meteoric  origin,  il  hal 
rarely  been  seen  as  such.  The  metal  is  contained  in  many  ores,  the  most 
notable  being  the  forroiu  carbonate  (FeCO,)  or  sfalhuore:  the  magitetio™ 
oxido  (FcjOj)  i  the  ferric  oxide  (FcjO,) ;  or  httmaiitr;  and  the  ferroufl  dienl- 
phidt  (FeSj)  or  i>y/f /.»r//«.  The  forms  of  the  ferrous  carbonate,  "  bla<  k- 
band  "  and  "  dayliand  "  ironstones,  are  the  ores  ftum  which  iron  is  usually 
Citracted  in  this  country.  Tiiese  are  first  subjected  lo  a  preliminary  roasting" 
in  I  kiln  or  in  heaps,  to  drive  off  water  and  carbonic  acid  gas,  and  then  introi 
duocd  into  a  blast  furnace  along  with  coke  and  limestone,  where  the  ores  ara 
Rduccil  at  first  to  the  metallic  condition  and  afterwards  the  cAtbon  prescnfl 
luiies  by  ainen/atiim  with  the  metal  to  form  a  "  carbide  "  ;  the  silica  andf 
alumina  contained  in  the  ore  uniting  with  the  lime  to  form  fusible  stag.  Tbd 
hb-.t  cf  .lir  used  is  heated  to  a  temperature  capable  of  melting  lead,  before  iB 
"        '  io  enter  the  furnace  ;  and  the  operation  proceeds  night  and  day^ 

iionls  being  poured  in  at  the  top  of  the  furnace  while  the  mcllear 

■  •iS  at  the  bottom  at  convenient  intervals  into  furrows  prepared  id 
..ind,  where  it  solidifies  and  is  then  known  as  fiig  iren.  In  this  fomifl 
ihi:  nHt.il  contains  proportions  of  cArbon,  phosphorus,  and  silicon,  and  i^ 
necessarily  tjriltle  and  without  a  trace  of  malleability  ;  but  by  heating  it  i 
rcverticratory  furnace  in  a  blast  of  air.  accompanied  by  contii>unl  movem 
(ivchiiicAily  termed  "puddling"),  and  subjecting  the  mass  to  thestrokcsof  a 
atcsm  hammer,  the  impurities  are  to  a  great  extent  removed;  and  although  th^ 
iron  becomes  less  fusible,  it  acquires  that  tenacity  which  confers  malleability^ 
iimI  is  known  as  wrouj^ht  or  bar  iron. 

"■   '      ■iTif,'  bars  of  iron  for  several  hours  in  charcoal,  the  roelal  combine) 

one  and  a  half  pet  rent,  of  carbon,  and  is  converted  into  dftt, 
s    is  termed    Kintntation,   and   the    product,    "  bli-iler   MecI.T 

variety  of  iron  may  also  be  prepared  diri^  tly  from  tht  /"/j,'  by  th 
ileMtmui  j'TDccM,  which  consists  in  melting  the  ni.  1  i  blaHt  i 

air  through  the  fluid  mass  until  all  impurities  aiL  .  -       - 

iuit  »uf5«eni  crude  cast  iron  is  added  \<>  yield  th--  : 
the  whole  into  steel,  when  the  contents  of  the  cm  : 


42  SIMPLE  BASYLOUS  RADICALS. 

Steel  is  rendered  hard  for  the  manufacture  of  edged  tools  by  heating  it  to 
about  470°  F.,  and  suddenly  cooling  ;  or  elastic,  by  heating  to  550®  F.,  and 
quickly  cooling  as  before.  This  process  is  called  the  "  tempering  of  steel" 
Iron  alloys  itself  readily  with  other  metals  when  they  are  heated  with  it. 

Iron  is  truly  a  tetrad,  but  it  never  acts  as  such.  In  the  ferrous  compounds 
it  behaves  as  a  dyad,  and  in  the  ferric  as  a  hexad.  These  facts  are  explained 
by  the  following  formulce  : — 

Iron  in  the  free  state.  Fe         ^  Fe  =  Fej. 

Ferrous  chloride.  ^=^Fe"C;;Cr;i  =  Fe^Clj. 

CL  CI 

Ferric  chloride.  Cl-^  Fe—  Fe^^^Cl  =  Fe^jCl^. 

CI  ^-  CI 

Strong  cold  sxdphuric  acid  has  little  or  no  action  upon  iron,  but  the  dilute 
acid  dissolves  it,  forming  ferrous  sulphate  and  liberating  hydrogen.  It  is 
also  soluble  in  hydrochloric  acid,  forming  ferrous  chloride  and  likewise 
evolving  hydrogen.  With,  tolerably  strong  nitric  acid,  or  with  a  dilute  add 
by  the  aid  of  heat,  ferric  nitrate  is  produced,  and  nitric  oxide  evolved ;  '1>ut 
with  rm*  dilute  and  coU  nitric  acid,  ferrous  nitrate  is  formed,  with  the  produc- 
tion of  nitrous  oxide,  or  ammonium  nitrate  is'  yielded  in  solution,  without  the 
evolution  of  any  gas  :  — 

aFej  +  loHXOj  =  4Fe2N05  +  NH^XO,  +  3H,0. 

Tnie  theoretical  nitric  acid,  entirely  free  from  water,  does  not  attack  iron  in 
the  least ;  and  if  the  metal  after  such  treatment  be  plunged  into  B.P.  acid 
(1*4^  sp.  gr.)  it  will  not  even  then  be  affected,  but  the  moment  it  is  touched 
with  a  piece  of  copper  the  action  will  set  in  with  great  rapidit)-.  This  curious 
behaviour  is  callcii  passivity.    (Sa  Nitric  Acid,  Chap.  X.) 

J7.  15S.  siH.i  171.) 


COBALT.    Symbol,  Co.    Atomic  Weight,  58-a    Specific  GraYity,  8*54. 

rv»K»lt  is  one  of  the  scanx*  metals,  and  has  never  been  found  in  the  metallic 
Htato»  except  as  a  anu|H>nont  |urt  of  metev^rites,  in  which  it  occurs  sometimes 
lv»  the  extent  of  one  jht  ix^nt.,  assoiiatcd  wiih  nickel  and  iron.  The  pure 
metal  has  a  steel  litcv  wlour.  with  an  inclination  towards  red :  but  in  the 
n»hshed  l\Mm  is  whue.  Less  easily  meltcvi  than  gold,  it  is  subdued  by  the 
UMt  ot  the  luiuace  sihmkt  than  irvMU  and,  like  the  latter,  is  magnetic:  a 
pu^peuv  >vl\uh  the  stuM\^est  nxl  heal  cannvH  eradicate,  although  it  is  destroyed 
\\\  the  |»u*xence  \»l  a  nunute  v^uantity  v^'f  arsenic. 

S\>lulu»i\  ol  v\»lv\UvHis  \'hKnule  is  uscvl  at  i^vres  to  counteract  the  yellow 
e\*U»ui  \A  the  \\\w\  kuuN  v*t  isMwLun,  a  bruht  clear  tin:  of  onv  desired  inten- 
sitv  beui^  lluis  pivHtuvVvt  acvotvhn^i;  to  the  prv>*jVriio:\  of  the  cobalt  solution 
that  \\\A\  Ik^nc  Ivcu  eutpU*\v\l 

i\>lMh  »v  ivMnul  \\\  >.\\\\\U\  v^u'N  to  tlu*  mct.il  vicVcl.  a::d  is  extracted  there- 

It  Is  wMuOU  a  vU.ui,  ,u\si,  \\!k'm  vo,  Kntt^x  vv*v\r,:vni>  $a/,5w  These  salts, 
wheti  .inh\vU\n>x.  .ue  Muc  ,  \\l\x'i\  h\\hatC\L  'j'Utk      Us  b<:ha\iour  with  acids 


COBAL  T.—mCKEL.—CBRWM.—  TIN. 


HICKZL.    Srnibol,  ITi.    Atomic  We^t,  58-B.    Specific  Qravitj,  G-BO. 

ThJ!)  beauliriil  metal  lin^  much  iii  common  with  cobalt  and  iron,  and  v. 

stanily  found  in  association  with  ihem,  IjoiIi  in  various  ores  and  in  meteorii^ 

Several  oi  its  properties  fitting  it  for  an  alloy,  it  is  used  in  the  proportion  q 

40  [lans  of  nickel,  60  of  zinc,  and  loo  parts  of  copper,  for  (he  production  fl 

ilic  iii!:li!y  popular  melal  called  Kia-tnan nh-tr,  or  Nickel  silver.     This  alloy  i 

.!y  malleable,  and  takes  a  high  polish.     Among  all  the  metals,  nicka 

.  iriic  possessing  a  name  of  opprobrium,  which  arose  from  the  c" 

.  thjt  in  early  days  the  ignorant  German  miners,  having  in 

■Mori  copper  from  its  ore  (the  mono- arsenide,  NUVs)  in  dis 

bc-fii:'" ':d  the  epithet  upon  it  qK  Kupfer-nickei,  or  false  copper. 

This  metal  is  found  naturally  in  combination  with  arsenic  and  sulphur, 
in  order  to  get  rid  of  these  impurities  the  ore  is  roasted  in  a  state  of  powdo^ 
at  a  moderate  heat,  by  which  preliminary  operation  the  greater  portion  of  its 
aisenic  is  volatilized,  and  the  oxide  of  the  melal  remains.  This  is  exposed  to 
a  wliiie  heat  in  a  charcoal. lined  crucible,  the  oxide  having  been  previously 
carefully  mingled  with  powdered  charcoal.  In  order  to  obtain  the  resulting 
metal  in  ingots,  the  shapeless  masses  are  fused  at  the  strongest  heat  of  a  '  _ 
litr.  This  metal  is  also  magnetic;  but,  unlike  cobalt,  it  loses  this  propel^ 
when  heated  to  66a''F.  It  is  usually  a  dyad;  and  the  salts  it  forms  when  ii 
tbi&  Slate,  which  arc  termed  nkktleus,  are  well-defined,  and  of  a  green  colotll 
It  dissolves  when  heated  with  hydrochloric  or  dilute  sulphuric  acid,  with  il 
evolution  of  hydrogen  ;  and  it  is  rapidly  attacked  by  nitric  acid. 

(.f^  Jflnheit,  itpiiraiieH,  and  nlimalion   ef  Niikel.  tic  Authet's  Analjlics)  ClomUti] 


CSEICM.    Symbol,  Ce.    Atomic  Weight,  92.    Specific  Gravity,  5-5  ^'  64°  ] 

Cerium  is  found  in  the  form  of  cerite,  a  silicate  obtained  from  Sweden. 
metal  is  never  seen  in  an  isolated  condition  except  as  a  chemical  curiosity 
when  it  usually  appears  as  a  grey  powder,  soluble  in  dilute  acids,  and  decora 
posing  water  at  a  boiling  heat  with  ihe  evolution  of  hydrogen.     Its  only  con! 
pound  of  interest  lo  the  pharmacist  is  cerouB  oxalate  (Ce'CjO^j  HgO). 

(/<>r  dtliTtiaH  and  icfarafhn  of  Cerium,  sa  Aiilhori  Analjrlica]  Chemutr;. /ujt  jg 


TIH  ySiatunnn).    Symbol,  8n.    Atomic  WeU:ht,  118.    Specific  Gravity,  7-2! 
Melting  Point,  230'  F. 
_  TiD  is  derived  from  an  ore  popularly  called  thistorie  (SnOj)  by  heating  BB 
h  charcoal. 

iSnOj -nCj  =  Snj  +  4CO. 
e  product  be  again  heated,  the  pure  metal  fuses  £rsi,  a  less  fusible  altpj  _ 
'fating  solid,  from  which  the  fluid  metal  may  be  decanted.  The  chief 
S  of  supply  are  Devonshire  and  Cornwall,  although  the  mines  of  Malacca 
a  rank  high  in  importance  ;  and  of  late  years  the  supplies  from  Aus- 
e  not  only  been  considerable,  but  the  tin  from  Melbourne  occa-, 
J  contains  so  much  gold  that  its  extraction  is  profitable. 
s  metal  does  not  oxidize  at  the  ordinary  temperature  of  the  air,  but  « 
_  y  heated  it  ignites,  and  stannic  acid  is  formed.  As  regards  atomici^^ 
E  usually  tetrad,  but  by  selfsaturation  is  capable  of  behaving  as  a  dyadl"" 
The  compounds  in  which  it  exists  in  the  former  state  are  slantik,  those  in 
which  il  exhibits  the  latter,  stannatis.  With  lead,  tin  forms  the  alloy  called 
fewlfr;  with  lead  and  bismuth,  Jios/s  metal,  an  alloy  which  melts  below 
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^a^F.  It  is  a  coroponent  of  bronze,  bell  metal,  speculum  metal,  gun  metd 
IritanDia  metal,  and  "  coarse  "  and  "  fine  "  solder.  Tin  is  deposited  0 
S  tJie  wet  way  and  on  "  tin  plate  "  by  dipping  the  shcel-iron  in  the  mt'Itec 
metal,  for  tlie  purpose  of  lessening  the  corrosive  power  of  liquids  and  the 
aimosiihere  on  the  brass  and  iron  respectively.  Tin  is  difficullly  soluble  in 
dilote  SQlpharic  acid,  but  when  heated  wiih  the  Btrcmg  acid  it  fonns  staanic 
sulphate,  and  evolves  snlpbnrone  anhydride.  Nitric  acid  converts  the  metal 
iaio  white  insoluble  metastanaic  acid,  fiilnte  hydrochloric  acid  is  devoid  of 
aclion,  but  by  boiling  with  the  strong  acid  ataimous  chloride  is  formed,  and 
hydrogen  evolved.  Nitre -hydro  chloric  acid  produces  a  mixture  of  stannic 
I  and  stannous  chloridea.     Tin  does  not  readily  form  salts  with  oxy-acids. 

^  XfOr  datclion,  sfparalim,  and tiliiaUinn  0/  Ttn,  itt  Aulhiri's  iiia,\3tita\  CIiBiiiiitTj,/fi^.a 
'^       /169,) 


PLATINtTU.    Symbol,  Ft.    Atomic  Weight,  197-4.    Specific  Oravity,  31-96;l 
Melting  Point,  Oxy-hydrogen  Mim'pipt. 
Platiniiiii  enjoys  the  remarkable  distinction  of  being  at  once  the  heavi 
substance  at  present   known ;    the   most  refractory  under  the  glow  of  t 
fiercest  furnace  ;  the  most  defiant  to  the  solvent  power  of  all  individual  a 
and  the  potent  auxiliary  of  the  laboratory,  without  the  aid  of  which  many  4 
our  most  delicate  and  important  investigations  would  be  but  imperfectly  C 
ducted.     Like  gold,  it  occurs  in  a  metallic  state  in  grains  and  little  mat 
amidst  the  sand  and  debris  of  the  Ural  mountains,  in  various  parts  of  Russ 
in  Brazil,  Ceylon,  and  in  the  auriferous  sands  of  some  American  rivers ;  I 
lit  has  not  as  yet  been  detected  in  any  rock,  not  even  in  the  serpentine  for 
"  m,  although  frequently  discovered  surrounded  by  such  detritus  as  would  lefl 
inference  that  its  matrix  belonged  to  one  of  the  earliest  volcanic  for 
tions.     The  metal  is  purified  by  solution  in  nitro-hydrochloric  acid  ; 
cipiiated  by  amcnonium  chloride,  and  calcination  completes  this  prelimini 
process.     It  now  appears  in  the  form  of  an  incompact  mass,  called  ■_ 
platinum,  which  requires  the  intense  heat  of  the  oxy-hydrogen  blowpipe  I 
accomplish  its  Hqucfaction.     This  is  managed  as  follows :— A  little  fumai 
is  constructed  out  of  two  solid  pieces  of  lime,  the  lower  fragment  having  j 
cavity  hollowed  out  to  contain  the  melted  metal,  with  a  notch  at  one  sid^ 
through  which  the  crude  platinum  is  gradually  introduced  in  small  pieces,  i 
from  which  the  fluid  may  in  due  time  be  poured.     A  cover  of  lime  with^ 
conical  perforation  on  the  top  for  the  admission  of  the  blowpipe  is  then  fittti 
close,  and  the  arrangement  firmly  braced  together  with  iron  wire.     The  t 
admitting  the  hydrogen  is  then  turned  and  the  gas  lighted  at  the  notch  in  t 
crucible,  the  oxygen  being  slowly  and  gradually  supplied.     When  the  fur..  _ 
is  hot  enough  the  platinum  is  introduced,  piece  by  piece,  throughJ  the  rioti 
orifice.     With  the  exception  of  iridium  and  rhodium,  all  metallic  and  otha 
substances  originally  in  the  platinum  are  expelled  ;  any  sulphur,  phosphoiUsTl 
arsenic,  and  osmium  there  may  be,  are  oxidized  and  driven  off  in  vapour ; 
palladium  and  gold  are  volatilized;  and  the  iron  and  copper  oxidize  and  dis- 
appear into  the  mass  of  the  crucible.     By  this  tnethod  about  fifty  pounds  of 
platinum  may  be  fused  at  one  time.     Previously  to  the  application  of  the 
oxy-hydrogen  blowpipe  to  this  refractory  metal,  it  was  obtained  in  a  solid  and 
compact  form  from  the  spongy  condition  by  pressure,  heat,  and  hammering. 
The  loose  and  incoherent  metal  was  rubbed  down  in  a  wooden  mortar,  and 
worked  up  into  a  paste  with  water,  before  being  subjected  to  pressure  in  a 
brass  conical  mould.     It  was  then  dried,  healed  to  whiteness  in  a  furnace, 
and  hammered,  after  which  it  acquired  sufficient  raalleabUity  and  duclitity  to 
Ik  rolled  into  plates  or  drawn  out  mto  nire. 


FLA  TINVM.-LEAD. 

Platinum  in  the  finely  divided  stale  has  ihe  property  of  absorbing  „ 
without  combining  with  them.     Of  oxygen  it  is  capable  of  condensing  aboi 
four  hundred  volumes.     The  variety  of  platinum  thus  employed  ts  known 
'       u  black,  and  is  prepared  by  boiling  platinic  chloride  with  gii 
a  carbonate,  when  it  deposits,  leaving  a  colourless  solution.     As  alrej 

mtioned,  the  most  powerful  furnace  heat  fails  to  cause  even  incipient  fusit 

d  when  subjected  to  the  oxyhydrogen  flame  it  does  not  oxidize.  Il  remi 
perfectly  insoluble  in  all  simple  acids ;  but  nitro-hydrochloric  acid  cr.lli- 
quales  il,  platinjc  chloride  (PiCl^  being  forrned.  \Vhen  potassiiuu  hydrate 
isliised  in  platinum  vessels,  these  aje  acted  upon,  and  a  potaasinm  ptatinate 
icsi.ilts  ;  for  this  reason,  if  alkalies  are  required  to  be  fused,  silver 
inu5l  '.'6  used.  With  several  metals, — zinc  and  lead  for  example.- 
allf->)'s  which  are  fusible  by  the  heat  of  an  ordinary  furnace,  as  is 
iti  compound  with  phosphorus. 

Although  platinum  is  a  tetrad,  ti  occasionally  acts  as  a  dyad. 

{Far  iituttKii,  sefaratian,  and  tstimaHon  of  Halinum,  sec  AulAar's  Aniljtlcal 
/^fU  3,6  ark!  168.) 

LBAS  {Plumbum).    Symbol,  Pb.    Atomic  Weight,  207.    Specific  Gravity,' 
U-«,    Melting  Poiat,  590°  F. 

Il  is.  perhaps,  a  fortunate  circumstance  that  lead  is  a  metal  as  abund.ant  as 
it  is  useful,  and  that  it  is  peculiar  to  no  one  part  of  the  world.     Yet,  although 
fully  twenty  ores  containing  this  metal  are  on  ihe  catalogue  of  the  mineral- 
ogist, f.ractically  our  sources  of  supply  are  confined   to  a  few,  the  chief  of 
>il.;.  '.<    .ire  galena    (plumbic   sulphide,  PbS),  w/iite  lead,  or  cenisiU  {plumbic 
r^,    PbCOg),   and    angksite   (plumbic   sulphate,    PbSO,).       Lead    is 
[r.iclefl  from  the  first  mentioned,  which  is  roasted  in  the  air,  being 
averted  into  a  mixture  of  plumbic  sulphate  and  plumbic  oxide, 
■  anhydride  being  evolved  : — 

3PbS  +  sOj  =  iPbO  +  PbSO,  +  aSOj. 

The  whole  is  then  strongly  heated  away  from  contact  with  the  air,  wh< 

the  undecomposed  galena  acts  upon  both  the  oxide  and  the  sulphate, 

Sol«  products  being  metallic  lead  and  sulphurous  anhydride  :— 

2PbO  +  PbSO^  +  zPbS  =  sPb  +  jSOg. 

Another  process  for  the  extraction  of  lead  from  its  ore,  is  to  roast  gale. 

until  it  is  entirely  cotiverted  into  oxide,  and  then  to  reduce  the  result 

charcoal : — 

jPbO  +  Ci  =  Pb3+2CO. 
Lead  is  rendered  more  fusible  by  adding  arsenic,  as  is  done  in  makinL 
(hot,  harder  by  being  alloyed  with  antimony,  as  in  type-metal,  and  more 
liisible  by  tin.  In  its  pharmaceutical  salts  lead  is  always  dyad,  its  chloride 
being  PbCl,,  its  sulphate  PbSO,.  When  melted  in  contact  with  the  air,  this 
"  J  becomes  covered  with  a  crust  of  plumbic  oxide  (FbO).  Lead  is  slowly 
red  by  water  when  it  contains  fixed  air.  Boiling  sulphuric  acid  converts 
>  aolphate,  but  it  resists  all  action  of  cold  hydTOchloric  and  sulphuric 
Aqua  regia,  however,  converts  it  into  chloride.  Warm  and  dilute 
nitric  add  dissolves  the  metal  with  ease,  forming  plnmhic  nitrate  (Pb'aNOj"), 
aod  evolving  nitric  oxide* — 

Pbj  +  8HN0j=  sPbaNO;,  +  aNO  +  4HiO. 
The  oxide  is  acted  upon  by  acetic,  nitric,  and  nearly  all  acids,  forming 
plumbic  salts. 

(/'■■r  datiliiiH,  lepanliait,  and  atimatien  ef  Lead,  tn  Author's  Asiljtioal  Chsmtotr;,  fiac: 
''      d  165. 1 


N 
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Class  V.  PENTADS. 

BISMUTH.     Symbol,  Bi.    Atomic  Weight,  210.     Specific  Gravity,  0*90. 
Melting  Point,  500°  F. 

Bismuth  does  not  take  rank  among  those  metals  which  are  universally 
distributed  throughout  the  geological  formation  of  every  country,  yet  it 
possesses  three  most  remarkable  properties  which  are  well  worthy  of  attention. 

Of  all  metals  it  is  the  most  diamagnetic ;  unlike  other  metals,  when  ex- 
posed to  im  n'>§e  pressure,  its  density  decreases  (under  200,000  pounds  the 
specific  gravity  lUlls  from  9*90  to  9*546) ;  and  after  being  melted  it  expands  on 
resuming  the  solid  condition.  This  metal  reaches  us  chiefly  from  Saxony, 
where  it  occurs  in  veins  permeating  clay-slate  and  gneiss,  from  Siberia,  from 
Cornwall,  and  Cumberland.  As  a  sulphide  (Bi3S3)  it  is  more  abundant  than 
in  the  native  metallic  state.     Its  preparation  is  as  follows  :—  • 

The  ore  having  been  roasted,  this  reaction  occurs  : — 

2Bi2Ss  +  9O2  =  2Bi208  +  6SO2. 

This  bismuthons  oxide  is  now  heated  with  charcoal,  when  metallic  bismuth 
and  carbonic  oxide  result 

2Bi30s  +  sCj  =  2Bi3  +  6C0. 

Bismuth  is  a  greyish  metal  with  a  pink  tinge,  which  melts  at  500°  F.  and 
volatilizes  at  a  white  heat.  In  dry  air,  at  the  ordinary  temperature,,  it  does 
not  oxidize ;  but  when  strongly  heated  it  burns  with  a  blue  flame.  It  easily 
dissolves  in  nitric  acid,  with  the  evolution  of  nitric  oxide.  Heated  with 
strong  Bulphnric  acid,  bismuthons  sulphate  is  formed,  with  the  evolution  of 
sulphurous  anhydride ;  but  it  is  altogether  insoluble  in  dilute  sulphuric  acid, 
and  nearly  so  in  hydrochloric,  even  when  heated.  Its  most  remarkable  alloy 
consists  of  one  part  of  lead,  one  of  tin,  and  two  of  bismuth,  which  melts  at  a 
little  under  the  boiling  point  of  water.  The  solder  used  in  mending  j>ewter 
requiring  to  be  very  fusible  (otherwise  the  pewter  itself  would  melt)  has 
Bismuth  added  to  lower  the  melting  point.  Type-metal  sometimes  contains 
this  metal,  which  is  utilized  as  a  material  whose  great  expansion  on  cooling 
admits  of  the  production  of  very  fine  casts.  It  is  a  triad  in  all  compounds 
connected  with  Pharmacy, 

{For  detection y  separation^  and  estimation  of  Bismuth^  see  Author's  Analytical  ChemlBtry, 
itages  31  and  1 68.) 

ANTIMONT  {Stibium),    Symbol,  Sb.    Atomic  Weight,  122.     Specific  Gra- 
vity, 6-70  to  6-86.    Melting  Point,  842°  P. 

Antimony  occurs  naturally  as  sulphide,  and  is  also  found  in  combination 
with  various  metals.  As  antimony  ochre^  it  usually  takes  the  formula  of 
SbjO^;  as  grey  antimony^  Sb^Sj;  and  as  antimony  bletide,  or  red  antimony ^ 
it  presents  a  mixture  of  the  first  and  second.  The  abundance  of  the  grey  (or 
black)  ore  abolishes  any  necessity  for  having  recourse  to  any  others,  conse- 
quently their  employment  for  the  extraction  of  this  metal  is  rare.  Ores  which 
are  comparatively  free  from  other  metallic  contamination  are  thus  treated  : — A 
portion  is  roasted  until  oxidized ;  mixed  with  the  remainder,  and  again  strongly 
heated.  The  Sb^S*  may  be  reduced  in  a  different  manner,  by  contact  with 
metallic  iron,  or  with  an  alkali  and  charcoal.  Native  antimonions  sulphide, 
Sl]^^  occurs  in  mechanical  combination  with  quartz  and  limestone.  It  may 
be  separated  from  these  by  fusion^  the  heavy  metallic  portion  sinking  by  the 


BISMUTH.— ANTIMONY. 

Iaw  of  gnrity,  and  abaodoDtng  the  impurities,  which  remain  on  the  5Liif»:e  < 
ihc  motten  mass. 

Ara<.-nic  being  a  contaniinatiun  from  which  commercial  antimony  is  n 
free,  Ihc  use  of  tiie  metal  under  consideration  in  nitdicine  would  dgubdci 
attcniJed  wilh  the  gravest  results,  were  not  some  ready  |>rocess  svaiUble  iA 
its  couiplcle  jtiiriiicatiqn.     The  following  method  for  the  attiiinment  of  ll^ 
ubjea  may  be  recommended: — Two  pans  of  dry  sodium  carbonate,  mix^ 
with  tit  e  p.irls  of  Imodium  nitrate  (or  potassium  nitrate,  the  rormer  being  pM^ 
ferablt)   and   four  parts  of   metallic  antimony,  arc   thrown  into  a  red-hq| 
cnjuble.     The  evolution  of  gas  having  ceased,  the  heat  is  increased  i 
pressure  wilh  a  spatula  on  the  glowing  mass  proves  that  i  'x**jlies  remai 
RctRo^ed   liom  tlie  crucible  whilst  still  soft,  and  having  been  reduced  I 
powder  on  cooling,  the  result  is  rubbed  in  contact  with  boiling  water,  th^ 
tutplus  liquid  being  poured  off  from  time  (o  time.     A  smooth  creamy  n 
having  at  length  been  produced,  its  freedom  from  alkaline  matter  is  ace 
plishcd  by  further  washing,  deeantation,  and  purification  on  a  filler.     Tht^ 
obtained,  the    powder,  fused  at  a  red   heat   with    [wtassium    hydro-tartrat 
(cinm  of  tartar),  on  subsequent  lixiviaiion  with  water,  yields  the  nicial. 

Aiiliinuny  is  a  brittle,  silvery,  and  very  brilliant  substance,  appearing  !l 
pistes,  or  in  rhombohedtal  crystals.  The  metal  may  be  obtained  in  d 
omorjiliouK  slate  by  electrolytic  action.  When  fused  it  burns,  forming  anH 
monious  oxide  1  but  it  does  not  oxidize  at  the  ordinary  temiieraiure  of  thf 
atmosphere,  The  oxide  produced  by  combustion  is  nearly  pure  whitq 
3bf]uld  the  metal  at  the  commencement  of  its  combustion  emit  a  garlic-lin 
odour,  ihc  presence  of  arsenic  is  indicated.  Nitric  acid  oxldi/cs  it,  but  faif 
to  dissolve  the  product  of  its  action,  which,  should  the  acid  be  very  stroM 
becomes  antimonic  oxide,  containing  more  or  le-is  aniimonious  oxide  accorq 
inj;  as  die  acid  used  deviates  ftom  purity.  Dilute  sulphuric  a 
IndotKcc  on  this  metal,  although  heating  with  a  concentrated  acid  delcrmiiH 
(tic  production  of  a  sulphate,  with  ttie  evolution  of  sulphurous  anhydridl 
Except  when  reduced  to  fine  powder,  boiling  hydrochloric  acid  docs  i 
affect  antimony. 

There  arc  two  classes  of  antimony  salts,  in  one  of  which  ihe  metal  bchavd 
ft!  a  triad,  and  in  the  other  as  a  pentad.    The  former  are  named  antimania* 
talti,  and  are  the  only  ones  possessing  pharmaceutical  interest ;  whilst  tlj 
latter  arc  termed  antimonic  suits.     The  maximum  atomicity  is  the  one  I 
whieh  we  classify  it,  the  lower  being  accounted  for  by  the  theory  of  s 
saturation. 

Many  metals  form  alloys  with  antimony,  the  following  being  the  moi 
tiseful  ;ind  Interesting — 

"  Unijnnia  metal,"  used  for  so  many  domestic  articles.  Type-metal,  i 
which  :i  In  united  with  lead. 

Crf-f<y   antimamac  has  the  approximate  com|>osltion    CujSbj,  probably  I 
mi*iiite  of  Cu/Sb,"  and  Oi/Sbj'",  in  ncixly  equal  proportions.     Its  coloi( 
is  violet,  which  docs  not  in  the  least  resemble  that  of  a  mere  mixture  of  tl 
two  dements,  and  it  is  bkcwise  very  brittle. 

ifjd  antimonide  is  harder  (ban  lead  alone.  When  antimony  is  present  (| 
tbti  cxteni  of  about  twenty  per  cent.,  the  alloy  is  recognised  as  type-met  " 
Tbe  coinbtnalion  is  denser  (f>.,  it  possesses  a  greater  specific  gravity)  thdj 
the  calculation  from  the  respective  quantities  of  the  two  metals  indicates. 

Silver  itnlimcnitU  is  found  native,  and  Is  precipitated  from  argentic  niln.. 
by  amtmcunuretied  hydrogen,  evolved  by  the  action  of  zinc  and  dilil^ 
sulphuric  acid  ui>oii  a  solution  containing  an  antimony  s;ilt. 
dcscrijition  of  the  formation  of  this  body  will  be  found  under  the  hea 
iDg  Annie,  among  the  McuUoids;    the  striking  resemblance  t  '   '  "  '' 
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reactions  of  antimony  and  those  of  that  element  being  rendered  evident  by 
the  adoption  of  such  a  course. 

{For  deUctxoHy  separation^  and  estimaiian  of  Antimot^t  see  Auikor^s  Aaaljtieal  Ghflmiitij, 
pages  34  ami  169.) 

Class  VL  HEXADS. 

CHfiOKIinL    Symbol,  Cr.    Atomic  Weight,  52^    Spedftc  OraTitj,  7-3. 

The  Shetland  Islands  contribute  the  ore,  from  which  the  metal  may  be  ex- 
tracted in  considerable  quantity.  It  is  chrome  iron  ore  (FeCroOJ.  The  metal, 
which,  however,  is  of  no  commercial  importance  as  yet,  is  obtained  by  igniting 
chromic  oxide  with  charcoal  at  a  white  heat,  or  by  reducing  chromic  chloride 
(Cr^Cl^)  with  sodium  or  zinc  In  chromic  salts  the  hexad  radical  Cr^*'  exists, 
whilst  in  the  higher  oxides  the  single  hexatomic  atom  Cr  is  alone  present 
Chromic  salts  are  either  green  or  violet  in  colour  ;  those  containing  ckromic 
mnhydride  (CrO^)  are  yellow,  orange,  or  red.  Heated  to  redness  in  the  air, 
it  soon  exhibits  a  yellowish-bluish  tarnish  like  that  seen  upon  steel  under 
similar  circumstances ;  this  gradually  changes  to  a  thin  film  of  green  oxide. 
It  rapidly  dissolves  in  hydrochloric  acid,  evolving  hydrogen,  and  forming  blue 
chromoui  chloride.  At  ordinary  temperatures  dilute  sulphuric  acid  does  not 
interfere  with  it ;  but  on  the  application  of  a  gentle  heat,  an  instantaneous 
and  \4olent  action  occurs,  leaWng  the  remnant  of  the  metal  in  a  condition 
easily  acted  upon,  even  after  washing,  by  the  same  acid  in  its  weakest  form. 
Nitric  acid,  in  any  degree  of  dilution  or  concentration,  is  quite  powerless  on 
chromium. 

{For  detection,  separatLm,  and  estimation  of  Ckromimmy  see  Autkor's  Aaaljtiad  Chataataj, 
pages -^  and  x-iZ.) 

Having  thus  reviewed  the  metals,  it  next  becomes  necessary  to  study  the 
Metalloids,  not  only  with  regard  to  their  individual  properties,  but  as  to  their 
compounds  inter  se  and  with  the  metallic  elements  already  considered. 


CHAPTER  IV. 

FLUORINE   AND  CHLORINE. 


L  bodies  have  an  official  designation ;  but  they  are  described  1  _ 

s  titles,  either  |iopular,  hereditary,  or  scientific.     These  different  names 

ng  the  same  thing,  are  called  synonyms,  and  have  in  the  following  pagd 

1  invsriably  attached.     The  synonym  is  not  strictly  the  translation  of  tha 

1,  but  the  mode  in  which  it  is  expressed  other  tlian  by  the  term  used  iii 

"  mce  with  its  accepted  present  nomendature. 

JVOBZNE.    Symbol,  F.    Atomic  Weight,  19.    Atomicity,  Uonad. 

Utllougli  the  e.xistcnce  of  this  body  is  quite  certain,  it  has  not  yet  bee 
latcd,  owing  to  its  powerful  action  on  all  vessels  of  glass  and  porcelain  a 
P  «$  of  silver  and  platinum.  It  combines  directly  with  all  metals  to  pro- 
pt  BuoTides,  and  has  beeo  stated  to  have  been  obtained  as  a  gas  something 
%  cblotine  by  the  action  of  perfectly  dry  iodine  on  argentic  fluoride,  but  the 
inienl  wants  confirmation.  _ 

SROGEN  FLUOHIDE  (SvN.  Hydrofluoric  Adct).     Formula,  HF.     Mole 

ciOar  Weight,  20. 
S  prepared  by  heating  together  calcium  fluoride  and  sulphuric  acid  i 
[)  vessel : — 

■  CaF,+  H3S0»  =  2HF  +  CaSO^, 

B  real  acid  is  a  gns,  which  when  passed  into  water  dissolves  and  forms  j 
rdal  liquid  acid,  containing  37  per  cent,  of  real  HF.  Both  this  soItjS 
1  tod  the  gas  itself  act  with  great  avidity  upon  glass  by  combining  with  tlU 
»C  anhydride  (silica)  contained  therein,  and  forming  silicon  tetrafluoridel 
It  is  therefore  much  used  for  etching  the  patterns  on  glass  with  which  we  ai 
ftU  feniliar.  In  commerce  the  acid  is  occasionally  stored  in  leaden  bottle 
but  usually  it  is  preserved  in  gutta  percha.     {^See  Silicon.) 

CALCIUM  FLUORIDE  (Svns.  Derbyshire  Spar.     Fluor  Spar.     Blue  John)\ 
Formula,  CaFj.    Molecular  Weight,  78. 

la  found  native  in  line  blue  cubical  crystals,  but  the  colour  is  not  always 
constant,  varying  through  violet,  yellow,  rose,  and  even  sometimes  colourless. 
It  b(  much  used  for  glass  etching.  When  employed  for  preparing  the  acid, 
leaden  retorts  and  condensers  must  be  used. 

Compounds  of  fluorine  are  not  employed  in  medicine  or  pharmacy. 

{F^  ilrlation  and  srfaialiim  of  tlydrafiiierk  Acid  and  FiMohdct,  ste  AutAer'i  i 
Chenbti;,  fag^  49.) 


FLCORIXE  ASD  CBZORJXe, 


This  dement  was  fecOTcred  brS^^  ^^  *»  not  exist  fri^  i« 

is  the  great  ^^P"^.  «f^^J^?^  combined  ^ 


iMgnesraL  s:.^.  ^«c.  «<1  mi^^  In  the  veget:d>le  kimr. 


Mis     Wlen  F«soQS  arc  scdh^iot  £«r«x,  bo-ever,  the  absenceof 
chkx:de5tromd«^«B»mrk«iiDdc3Xcssjiitp<oin^  It  is  prepared  _ 
1    BTpouKi:^fiJjkme«^5>ccaina=eof»ii,MAlari^ 

gukdioxiift.    T^  «^=«^ '^  «3c=s  at  cocc,  withom  the  appUcati^ 
heat,  isussalhr  rerieserited  as  i^cCavs  :—  ^^  v^aon  oi 


In  icaHtr  the  actioQ  is  prciabqr  crx^  idcr  cnsp&ated.     The  sulphuric  acid 
first  acB  OD  the  soiiiisn  diLonde  M>  rrarxe  hnizochkiric  acid : 

The  add  this  produced  then  Jcts  :=«  tfse  mc^asSc  dioxide  to  produre 


On  beidx^  sSghtlr.  thi?  is  deccca  j«ed  fes : — 

Tlie  HjSO .  gives  r>e  to  a  cocacenbrf  aaaccn:  of  heat  when  it  acts  mwin 
the  NaCL  and  the  MzCI^  s  thetwx*  ceo^^cijosed  :b  soon  as  it  is  ftwined?^ 


2.  B>  \ei2.*im^  k j4rocU»ic  acai  w:± 

MzOj  •  4HC:  =  McCIj  •  G,  •  2Hja 
This  15  the  pre^s^riMe  stirrer  cc  rr^rariac  csLcttrje  cc  a  sbuH  scale,  beca 
the  acdon  oV.v  cv-v-^  whe-  beat  Is  xv  r^y  arf  oec.  aad  die  pvocess  is  th^ 
tore  weH  under  vvnrnrl  ^*^" 

When  diis  rcvxn«s  is  used  cc  a  =:uiz:i£Kr=n3c  sole,  dae  Ms(X  may  ^^ 
cc\"erx?d  by   s^iiJ^^ns  nah^e^  as  :V1Icw5l     T^e  scIu::o-2  oc  MnCL  left  in  di 
retort  is  ^^ecipintsd  wi±  licie*  ixrir:::^  rra-rrgxaoc?  oxxae. 

The  iTOcfrinre  b  ±e::i  siixed  wi±  sccw  rscw  liw.  and  air  is  Uovn  tfarooirh 
the  wb?-Ie-  which  ca-ises  ±e  cocversccc  .x  the  M:sO  into  MnCV  ^^ 

5  B>-  pissiri:  =ixec  air  arc  h>^rvvhlcrc  actc  ^  o^^  heated  fiie-bricks 
jw..-^<y  s.,^ike^i  -  a  scl-tiop  cf  cvr?^  ^rc  dr^  C::?rx>cs  chloride  fa 
rcrrxc  rrsc  wrL:c:i  tates  rr  c^cr-r«  arv:  becccses  ourr>:  ciilonde.. 

•^1t~  - •''  ^  ^=cr^^i  heaL  c-ves  ,-c  the  chlcrie  a-d  r^lbnns  cuprous 


^. 


ri.  -V  ^.  =  \.  ^  -  \.  x\. 


•   r-.f  -rr:  :r":7^..rri  v^t^  ri^pr  rrtn-K.     A  >f.\v:.-s*f  sccKt— v-*  cxllec  a  cntk. 


« •  *  «    «     * 


CHLORINE. 


I  chloride  with  manganese  peroxide  i^Mac^mm'ii 
t  MnOj  =  aMgO  +  MnCI,  4  CI, 

(1  dichromate. 
+  CriClfl+7H,0. 


4.  By  headng  magnes 

aMgClj  + 

,  By  heating  hydrochloric  add  with  poiassim 

K,CrjO,+  14HCI  =  jCl,  +  jKCI  + 

f  the  dectiolysis  of  hydrochloric  acid. 

aHCl  =  Clj  +  Hj. 

t  ^  lasing  together  ammonium  chloride  and  ammonium  nitrate. 

iNH^CI  +  4NH4N03  -  CI3  +  5N3  +  isHjO. 

n  chlorine  is  required  free,  it  must  be  collected  by  displacement ;  th&tl 

g  the  lube  conveying  the  gas  from  the  generating  flask,  to  thrf^ 

Iptn  of  a  deep  and  dry  bottle  in  which  the  chlorine  gradually  coUect%j 

*  cing  the  air  until  the  vessel  is  full.     Thus  obtained,  it  is  observed  to  b^ 

mbh-ycllow  gas  possessing  a  pungent  and  irritating  odour,  and  provini 
mtly  fatal  to  animal  life,  even  when  diluted  with  sixty  times  its  bulk  of  ait3 
tUd  it  be  accidentally  inhaled,  the  best-known  antidote  is  ammor " 
Chlorine   is  much  heavier  than  air,  and  is  exceedingly  solable  in  wai«^ 
which  at  ordinary  temperatures  dissolves  ij  times  its  volume.     This  solutio^J 
u  known  as  chlorine  water,  and  possesses  the  property  of  dissolving  gold,  ( 
liberating  iodine  and  bromine  from  tlieir  salts,  and  of  raising  iron  from  the 
fiOTT>as  to  the  ferric  state.     When  cooled  to  the  freezing  point,  a  solution  of 
chlorine  dqiosits  crystals  of  chlorine  hydrate  (ClsHjO).     It  is  possible  to 
liquefy  the  gas  by  a  pressure  of  four  atmospheres,  or  about  64lbs.  per  square 
inch  ;  but  no  attempts  to  solidify  it  have  hitherto  been  successful. 

Chlorine  has  an  energetic  action  on  metals,  with  which  it  combines  directly 
to  form  chlorides.  Powdered  antimony,  iron,  and  also  magnesium  and  sodium, 
t»ke  fire  when  placed  in  a  vessel  of  the  gas,  and  even  gold  leaf  slowly  combines 
to  fonn  .AuClg.  The  metalloids  are  also  in  many  casesreadilyattacked;  phos- 
pbonis  and  sulphur  both  burning  in  an  atmosphere  of  chlorine  to  form  chlo- 
lidcs,  while  selenium,  silicon,  and  boron  unite  with  it  when  heated ;  but  it  has 
00  dirr^  action  Upon  either  oxygen  or  carbon. 

Compounds  rich  in  hydrogen  all  unite  readily  with  chlorine,  forming  hydroj 
chloric  acid,  and  setting  carbon  free  if  present.  For  example  :  {a)  A  piece  ofl 
paper  dipped  in  turpentine  (Ci(,H,|j)  takes  fire  in  a  bottle  of  dry  chlorine  : — >■ 

C,oHi,  +  8Cl,  =  Cio+i6Ha. 
(ff)  Oletiant  gas  (CjHJ  explodes    with   chlorine    when  a  spark  is  applied,  I 
llms: — 

C3H^+aClj  =  4HCUCj. 
Maisb  gas  (CH^),  however,  does  not  liberate  carbon  ;  but,  when  tnixcdfl 
with  exce^  of  chlorine  and  exposed  to  sunlight,  yields  chloroform  andl 
carbon  tetrachloride : — 

iCH,  +  7CL,  =  CHCI3  +  CCI^  +  7HCI. 
From  its  power  of  thus  attracting  hydrogen,  chlorine  can  displace  that  element  I 
from  many  compounds  to  a  greater  or  less  extent.  An  example  of  this  is  J 
found  in  the  manufacture  of  chloral  (CaHCLO)  by  passing  chlorine  into  alco-  f 
bol  (CsHsHOJ  :—  ' 

CjHjHO  +  403  =  CaHClaO  +  5HCI. 
■  ts  as  an  indirect  oxidizer  by  thus  combining  with  hydrogen  j 

■\ygen,  and  forms  one  of  the  most  useful  of  disinfecting  and 
.  jgents.  It  also  performs  the  function  of  a  bleacher  of  organic 
,  -uitier,  such  as  indigo  and  other  vegetable  dyes,  when  moislun  « 
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present^  by  reason  of  a  similar  indirect  oxidation,  or  by  entering  into  combio^' 
tion  with  the  pigment     For  example  :  indigo  (CgH^NO)  is  first  o»dized  t^ 
isatine  (CgHjNOj),    and    then  converted  into  chlor-isatine  (CgH  CINOJ^ 
thus : — 

CgHgNO  +  CU  +  HoO  -  CgH^NOg  +  2HCL 
QH5NO0  +  CI2  =  CgH^ClNOj  +  HCL 

Liquor  Mori  of  the  B.P.  is  prepared  by  heating  manganese  peroxide  with 
hydrochloric  acid  and  passing  the  gas  first  through  a  little  water  to  wash  it, 
and  then  into  a  larger  bulk  of  distilled  water. 

It  is  a  yellowish-green  liquid,  smelling  strongly  of  chlorine,  and  immediately 
discharging  the  colour  of  a  dilute  solution  of  sulphate  of  indigo.  Specific 
gravity,  i  003.  By  exposure  to  light,  it  rapidly  changes  to  hydrochloric  add, 
at  the  same  time  liberating  oxygen  : — 

2CI3  +  2H2O  =  4HCI  +  O2. 

{For  ddtctum  of  free  Chloriru  ami  analysis  of  Ckiorine  water^  see  Auikot^s  Analjtioid 

>Vhen  equal  volumes  of  chlorine  and  hydrogen  are  mingled  together  with 
the  application  of  an  electric  spark,  they  combine  to  form  hydrochloric  acid. 

CI3     +    Hj    =2HCL 

2  vols.  +  2  vols.  =  4  vols. 

The  reaction  occurs  so  readily  that  even  exposure  to  a  ray  of  sunlight 
causes  an  explosion. 

METALLIC  CHLORIDES. 

HTDBOOEN  CHLOEIDE  (Syns.  Hydrochloric  Acid.  Munaiic  Acid.  Spirit 
of  Salt),  Formula,  HCl.  Molecular  Weight,  36-5.  Benaity,  referred 
to  Hydrogen,  18*25.     Density,  referred  to  Air,  1'27. 

This  body  is  really  a  gas,  and  is  prepared  by  exploding  equal  volumes  of 
chlorine  and  hydrogen  in  a  tube  over  mercury.  All  the  adjuncts  must  be 
perfectly  dry  for  the  success  of  the  experiment,  as  the  gas  is  very  soluble  in 
water,  one  gallon  of  which  dissolves  460  of  hydrochloric  acid  gas  at  an  ordi- 
nary temperature.  Although  not  hitherto  solidified,  it  has  been  liquefied  by  a 
pressure  of  forty  atmospheres.  Theoretically,  hydrochloric  add  is  produced 
whenever  a  substance  containing  hydrogen  is  brought  into  contact  with  free 
chlorine.  For  example,  we  may  refer  to  the  decomposition  of  chlorine  water 
when  exposed  to  sunlight,  already  shown ;  or  to  the  following  reaction  of 
chlorine  upon  sulphuretted  hydrogen  : — 

2H2S  +    2CI3   =4HC1  +  S3 
4  vols.  +  4  vols.  =     8  vols. 

The  acidum  hydrochloricum  of  the  B.P.  is  a  solution  of  the  gas  in^water  to 
the  extent  of  3 1  8  per  cent  It  is  prepared  by  heating  a  mixture  of  sodinin 
chloride  and  Bulphoric  acid,  then  passing  the  evolved  gas  into  cold  water : 

2NaCl  +  HoSO^  =  2HCI  +  Na^SO^ 

The  sulphuric  acid,  after  slight  dilution,  is  poured  upon  the  sodium  chloride 
in  a  large  flask,  and,  heat  being  applied,  the  gas  is  first  passed  through  a  three- 
necked  Woulft's  bottle  containing  four  ounces  of  water,  and  then  into  a  large 
bulk  of  distilled  water  kept  perfectly  cold.  Thus  prepared,  it  is  an  almost 
colourless  and  strongly  acid  liquid,  emitting  white  fumes  possessing  a  pungent 
odour.     Specific  gravity,  I '16. 

{lor  analysis  of  B.P,  Hydrochloric  Acid,  see  Author^  s  Aiudyliad  Chamistry,  fage  82.) 


HYDROCHLORIC  ACID.-CHI.ORIDES. 

Attdum  kydroihloi uum  diluium  has  a  specific  gravity  of  ro53,  and  contains  T 
loto  jwr  cent,  of  rc;il  acid.  It  is  made  by  taking  8  fluid  ounces  of  the  strong  I 
add,  and  adding  water  till  the  wJiole  measures  lOl  ounces  ai  60°  Fahr,  I 

Commercia]  hydrochloric  acid  is  produced  largely  iu  the  manufacture  of  I 
<odtam  sulphate  used  for  making  sodium  carbonate  by  I^blaoc's  process.  | 
{Stt  Carbonates.)  Usually  it  is  of  a  yellowish  colour,  and  stronger  than  the  1 
jMJfe  B.P,  add,  as  it  is  often  found  to  contain  40  per  cent,  of  HCI.  I 

It  is  fre'|uenlly  contaminated  with  tree  chlorine,  ferric  and  gtumic  cll!o-  ] 
rides,  snlphnrou  and  Biitphuric  aciiJB,  and  arsemoiiB  acid.  These  impurilies  | 
arc  rcmuttd  by  heating  with  a  IJiUe  potassinm  chlorate  and,  when  the  n 
lus  condiided,  by  the  addition  of  a  little  bariam  snlphide  and  distillation  into  I 
pure  water  so  soon  as  all  traces  of  sulphuretted  hydrogen  have  disappeared. 
The  potassium  chlorate  produces  chioruie,  aod  changes  the  sulphurous  into  1 
tbe  IcM  vobtilo  suljihuric  acid : — 

HjSOg  +  Clj  +  HjO  -  H3SO,  +  3HCI, 
Whilst  tlie  sulphuretted  hydrogen,  afterwards  developed,  decomposes  any  I 
volatile  ancnioiis  chloride  which  might  have  been  formed,  'J'he  comnioni 
add  may  l>e  converted  into  a  fairly  pure  acid  by  dilution  with  water  and  rol 
dittillanon.  Hydrochloric  acid  acts  upon  metals  with  the  exception  of  gold,  I 
platinum,  silver,  lead,  mercury,  and  some  others,  forming  chlorides,  with  the'l 
evolution  of  hydrogen,  thus : — 

Zn,  f  4Ha  =  iZnCIj  *■  zHj. 

When  pure  and  cold  it  is  powerless  against  copper,  and  acts  but  slowlj^l 

when  healed  and  brought  into  conLict  with  tlis  linely  powdered  mclal.  ■ 

All  ozideB  (except  those  of  Ag  and  Hg,)  dissolve  in  this  acid,  producing  a  1 

ciilaridc  and  water,  thus : — 

CuO  -t- 1  HCI  =  CuCIj  4.  HjO, 
Wiile  u])on  peroxides,  such  as  those  of  manganese  or  lead,  it  acts  by  formingi 
chliiriili-K  anil  c-iiilving  chlorine,  heat  being  usually  rei|uired  at  llie  couimcuce-l 
menu  With  barium  peroxide,  in  the  presence  of  a  frewing  mixture,  howevi 
i:  forms  hydrogen  peroxide  or  hydroxyl  (jcc  Oxygen)  and  iMLriam  cUorlde  :- 
BaOj  +  iHCl  =  BaCla  +  H.Oj. 
Wilb  the  exception  of  the  argentic,  mercnrons,  and  plnmbic  salts,  all  chlo-l 
ride*  ate  soluble  in  co!d  water,  and  the  latter  dissolves  in  the  boiling  liquidJ 
Oapnns  chloride  is  likewise  only  slightly  soluble.  Some  chlorides  of  mctal-J 
loid.s  >ucit  a.1  phosphoric  chUirides,  are  at  once  decomposed  by  contact  with 
water. 

PClj  +  4H,0  =  H3PO4  +  5HCL 

The  aatimosioas  and  bismnthmiB  chlorides  arc  not  so  thoroughly  dccom. 

nosed  bv   water,  havins  only  part  of  their  chlorine  displaced  by  oxvgcn.  andl 

(brmiog  insoluble  oxychlorides,  which  precipitate,  hydrochloric  acid  being  atl 

the  aaoM  time  produced  in  solution.     For  exainijle :  — 

BiCI,+  H,0  =  BiOCl  +  iHCI. 

Magnesium,  aluminium,  and  sine  chlorides  are  not  decomposed  by  simplftj 
conUct  wiih  water,  hut  only  when  their  solutions  are  attempted  to  be  evapot^-B 
alcd  10  dryness. 

The  ctUoridca  of  ammonium,  line,  iron,  and  antimony  iro  volatllijcd  by  hci 
vithtiut  decomposition.     Po[;i!ttium  and  sodium  >.l<'  ii>^bte  a 

volatili cation,  the  former  al  a  bright  red,  the  laiu-r 


{Fir  Jitfjlrn.  trfitntri.ii,  and  tstimalioH  »/  CkhHia,   • 
/**  «.  i".  SJ.  '56,  17'':  ■"••*  "77) 
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AMMOHIDM  CHLORIDE  (Syn.  SaUmmmiac).   Ponaala,  NE,CL  Moleciilar 
We^^Ilt,  53-5. 

This  substance  is  prepared  from  [lie  ammomacal  liqaOTB  of  gas  works,  either 

by  directly  neutralizing  with  hydrochloric   acid,  or  more  commonly  by  first 

forming  ammoaium  sulphate  and  subliming  that  salt  with  sodium  chloride:— 

(NH  JjSOi  +  iNaCI  =  2NH,C1  +  NajSO^ 

The  B.P.  describes  it  as  follows  ;— 

"In  colourless,  inodorous,  transhicent,  fibrous  masses ;  lough,  and  difficult  to 
powder  \  soluble  in  water  and  in  rectil^ed  spirit.     Wlien  heated  it  volatil' 
without  decomposition  and  leaves  no  residue."    As  already  noted  in  the  c' 
ter  on  theories,  itie  vapour  of  this  salt  undergoes  dissodathn  at  a  higld^ 
peratuie  into  HCl  and  NHj,  which  again  unite  on  cooling. 

\FoT  analyiii  and  imfurUia,  ste  At^ha^  i  ka»ii.1^t!*X^'tMI&MiJ .  pa^%Z.'\ 

Ammonium  chloride  is  used    in  analysis  to  prevent  the  precipitatit 
magnesium  hydrate  by  ammonium  hydrate  or  ammonium  carbonate: 
heated  with  an  alkaline  hydrate,  ammonia  gas  is  evolved. 

aNH.CI  +  CaaHO  =  CaClj  +  aNHg  +  sHjO. 

SODIUH  CHLOKISE   (Svns.  Common  Salt.     Table  Salt).    Fonnnla,  \ 
Molecnlar  Weight,  58-5. 

Occurs  native  in  mines  as  rock-salt,  and  is  also  extracted  from  sewu 
evaporation  and  crystallization.     Referring  to  this  useful  substance,  the! 
says  it  should  be  in  small,  white,  crystalline  grains  or  transparent  cubic  « 
tals ;  free  from  moisture  and  having  a  purely  salme  taste. 

{Far  analysis  aad  impuriliti,  la  Author' i  Analytical  ChemiitTT./ttft  83.) 

Common  salt  is  soluble  in  three  parts  of  cold  water,  and  boiling  watepB 
to  increase  its  solubility  to  any  marked  extent     It  is  not  soluble  in  I 
alcohol,  and  but  slightly  in    ordinary  spirit.     When  exposed  to  a  1 
increase  of  temperature,  It  decrepitates ;  the  water  meclianically  impi 
between  its  particles  being  rapidly  converted  into  steam,  and  so  creatii 
abrupt  disruption  of  the  crystals,  accompanieti  by  a  loud  crackling  s 
^Vhcn  healed  to  bright  redness  it  volatilizes  in  the  most  perceptible  mi 
and  great  caution  is  therefore  required  to  keep  the  temperature  low  n 
taking  of  the  ash  of  substances,  such  as  milk,  in  which  it  is  intended  to^ 
mate  the  amount  of  salt 

POTASSXniC  CHLOEIDE.    Formula,  KCL    Holectdar  Weight,  74-5.  | 

This  substance  is  contained  in  sea  and  other  mineral  waters,  and  J 
traded  by  evaporation.  It  also  occurs  native.  Although  only  slightly  si 
in  rectified  spirit,  it  dissolves  with  greater  readiness,  and  to  a  larger  exidi 
distilled  water  than  sodium  chloride.  It  is  also  somewhat  more  volatile 
the  latter  body. 

AEOEITTIC  CHLOBIDE  (Svns.  Chloride  ef  Silver,  ffern  Silver).  Jut 
AgCI.  Molectilar  Weight,  1435. 
Is  formed  as  a  curdy  while  precipitate  when  argentic  nitrate  is  add* 
a  solution  of  any  chloride.  It  is  readily  soluble  in  ammonium  hydrate,  1 
resists  the  solvent  elTects  of  nitric  acid ;  it  is  also  soluble  in  sodiiun  hyposol- 
phite  and  potaasitim  cyanide.  Digested  in  potassium  bromide,  it  yields 
argentic  bromide,  AgBr,  and  with  potassium  iodide  it  forms  argentic  io<"  * 
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-  Agi    It   is  somewhat    soluble   in  strong  solutions  of   alkaline  chlorides, 
e^MoiUy  in  smiuoninm  chloritle. 

CAlCinX  CHLOBIDK    FonntiU,  CaCl,.    Uolecnkr  Weight,  111. 

Thii  iubslance,  which  on  the  manufacturing  scale  is  a  l»ye-product  lh  the 
|ircpmtion  ■■A  amraoni;i  gas,  is  also  producL-d  by  dissolving  calcium  Carbonate 
m  ifdrooUoric  acid. 

CaCOj  +  sHCl  =  CaCI,  +  COj  +  HjO. 

Accnnling  to  the  B.P., — 

It  Bujr  be  formed  by  neutralizing  hydrochloric  acid  with  carbonate  of  lime, 
«Miif  a  little  solution  of  chlorinated  lime  and  slaked  lime,  lillcring  and 
ewpotiting  until  a  solid  residue  is  left,  then  drying  the  salt  al  about  400'  F. 

1W  reason  for  using  chlorinated  lime  and  slaked  lime  is  that  nearly  all 
UbK  otcium  carbonate,  even  in  a  fairly  pure  form,  as  white  marble,  contains 
■ran;  Uii  when  the  mineral  is  treated  with  hydrochloric  acid  it  passes  into 
vimsA  chiefly  as  ferrous  chloride  (FeCIg).  The  chlorine  given  otF  by  the 
cfalonDiIed  lime  in  contact  with  the  acid  solution  (see  HypOChloriteB)  changes 
ihefnteni  into  farric  chloride,  and  the  calcium  hydrate  precipitates  the  iron 
as  IMg  hydrate,  which  being  insoluble  {sex  Hydrates),  is  easily  removed, 
lavtuga  pure  neutral  solution  of  calcium  chloride : — 

4FeClj  +  CaiClO  +  4Ca2H0  +  iHjO  =  5CaCl3  +  jFesSHO. 

Cdcium  chloride  is  usually  met  with  in  Pharmacy  in  white  agglutinated 
■nilMs,  dry  but  very  deliquescent.  It  can  however  also  be  crystallised  in 
pans  hivmg  the  formula  CaClj6HjO.  When  dried  in  vacua  it  becomes 
CiCLiHjO  ;  and  when  strongly  healed  it  loses  its  water  of  crystallization, 
«>i  nua.  The  fused  mass  stirred  until  it  cools,  and  thus  aggregated  into 
l<n>p>,  IS  used  in  analysis  for  absorbing  moisture  and  drying  gases,  because  it 
u  Ntjr  deliquescent  and  is  capable  of  absorbing  even  more  water  than  is 
■wnary  to  convert  it  into  a  liquid.  When  crystallized  and  dissolved  in 
Wbt  ii  reduces  the  temperature  considerably,  and  is  tlierefore  employed  in 
■^  production  of  extreme  cold.  The  fused  chloride  must  not  be  used  for 
^*  purpose,  as  it  develops  instead  of  absorbing  heat  when  placed  in  contact 
Wivaier,  because  it  combines  with  it  and  takes  up  water  of  crystallization. 
•  ultiiim  chloride  will  not  develop  chlorine  in  contact  with  acids,  and  must 
■J*  be  confounded  with  the  substance  commonly  called  chloride  of  lime  {cidx 
«»«&,  WW). 

(F»raitalyiu  aadimpuritki,  itc  AulAar's  LaaipiatX  Clieiai«ti7, /^o^  S3.) 

>*iIUI    CHLOBIDE     (SVN.  (obsolete)    Muriate    of  Barytts).     Formula, 
8t>CI,3H,0.  Molecular  Weight,  244. 
Itpiejiared  by  dissolving  barium  carbonate  in  hydrochloric  acid: — 

BaCOa  +  i  HCI  =  BaClj  +  CO3  +  H5O. 
Oi  it  may  be  made  from  barium  sulphate  liy  igniting  it  with  coal  to  reduce 
"tonlphide:— 

BaSO,  +  sC,  =  BaS  +  4CO, 
"'"'hen  dissolving  the  barium  sulphide  in  hydrochloric  acid: — 
BaS  +  iHCi^BaCLj  +  HjS. 
"'forms  crystals  containing  zHjO,  is  soluble  in  water,  nearly  insoluble  in 
l^n^l  iind  its  solution  is  used  as  a  reagent  for  detecting  and  estimating  snl- 
Wuie  acid,  with  which  it  forms  a  precipitate  of  barium  sulphate : — 
i-  BaCl,  t  H^SO*  =  BaSOt  +  2  HCI 
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HAONESIUlflE  CHLOBIDE.    Formula,  Mgd^.    Molecular  Weight,  95. 

Is  prepared  in  solution  by  dissolving  magnesium  carbonate  in  hydrochloric 
acid.  This  solution  cannot  be  evaporated  to  dryness,  as  it  deposits  mag- 
nesium hydrate  and  the  hydrochloric  acid  escapes ;  but  if  ammonium  chloride 
be  added,  it  forms  magnesium-ammonium  chloride,  and  when  this  is  dried  the 
ammonium  chloride  alone  is  driven  off,  leaving  pure  magnesium  chloride 
behind.  It  is  one  of  the  most  deliquescent  substances  known,  and  is^  used 
for  the  preparation  of  the  metal  magnesium. 

ZINC  CHLOBIDE.    Formula,  ZnCI^    Molecnlar  Weight,  136. 

Is  prepared  in  an  absolutely  pure  and  anhydrous  state  by  distilling  perfectly 
dry  zinc  sulphate  with  calcinm  chloride.  The  B.P.  salt,  which  contains  some 
water  of  crystallization,  is  prepared  by  evaporating  liquor  zinci  chloridi  until  it 
solidifies  on  cooling.  It  is  employed  as  a  caustic,  and  is  described  as  being 
in  colourless  opaque  rods  or  tablets,  very  deliquescent,  and  soluble  in  water, 
alcohol,  and  ether. 

Liquor  zinci  chloridi  is  prepared  by  dissolving  zinc  in  hydrochloric  acid. 

Zng  +  4HCI  =  2ZnCl2  +  2H2. 

Put  I  lb.  of  zinc  into  a  porcelain  basin,  add  by  degrees  44  ounces  of  hydro- 
chloric acid  diluted  with  20  ounces  of  water,  and  gently  warm  it  on  a  sand 
bath  until  gas  is  no  longer  evolved.  Boil  for  half  an  hour,  and  filter  into  a 
gallon  bottle,  add  chlorine  water  until  the  fluid  acquires  a  permanent  odour 
of  chlorine,  and  then  add  zinc  carbonate  with  agitation,  until  a  brown  sedi- 
ment appears.     Filter  and  evaporate  to  a  bulk  of  2  pints. 

The  chlorine  water  and  zinc  carbonate  are  used  to  remove  iron  and  lead, 
which  are  contained  in  nearly  all  commercial  samples  of  metallic  zinc.  The 
chlorine  changes  the  iron  from  the  ferrous  to  the  ferric  state,  and  the  zinc 
carbonate  precipitates  the  iron  as  ferric  hydrate  and  the  lead  as  peroxide. 

2FeCl2  +  PbCLj  +  2CI2  +  sZnCOg  +  3H2O  =  sZnClg  +  FegeHO  +  PbOg  +  sCOg. 

Zinc  chloride  constitutes  Burnett's  disinfecting  and  deodorizing  fluid.  It 
is  an  acrid,  strongly  acid  substance,  and  a  powerful  poison.  Any  alkaline 
carbonate  (as  chalk  or  washing  soda)  will  act  as  an  antidote.  It  precipitates 
albumen  and  gelatin. 

Zinc  chloride  has  a  burning  taste,  and  can  be  sublimed  with  tolerable 
facility. 

On  account  of  its  great  affinity  for  water  it  may  be  substituted  for  sulphuric 
acid  for  preparing  ether.  A  strong  solution  cannot  be  filtered,  as  it  dissolves 
paper. 

{Far  analysis  and  impurities,  see  Author's  Analytical  Chemistry,  page  83. ) 

CUFBIC  CHLOBIDE.    CnCI^  and 

CUFBOHS  CHLORIDE.    Cn^Clg  or  CuCl. 

Result  from  the  solution  of  cupric  oxide,  CuO,  and  cuprous  oxide,  CugO, 
in  hydrochloric  acid.  The  cupric  salt  is  green,  the  cuprous  colourless. 
Neither  are  of  pharmaceutical  interest ;  but  cupric  chloride  is  very  useful  for 
the  separation  of  citrates  from  tartrates  {sec  Citric  Acid),  and  a  perfectly 
neutral  solution  is  therefore  a  handy  laboratory  reagent.  The  cuprous  chloride 
Kdution  is  used  in  volumetric  analysis  of  gases  for  absorbing  carbonic  oxide. 


iDCRcuaoirs  chlohide   (Svk 

ehloiidum).    Formula,  HgQ  o 


.   Calomel.     Cahmelas.     Hydrargyri  Suk 
HgjCl,.    Kolecular  Weight,  235-5  fi    " 


U  prepared  by  subliming  together  a  mixture  of  mercuric  sulphate,  t 
nurenry,  and  sodiiun  chloride.  The  excess  of  mercury  chaLges  the  n 
su]pha.tc  lo  racicurous  sulphate,  thus  : — 

3HgSO^  +  Hgj=  aHgnSO^, 

And  the  sodium  chloride  then  produces  mercurous  chloride  by  double  ' 
decomposition,  thus ; —  ' 

HgjSO^  4-  iNaCl  -  HgjClj  +  NajSO^ ; 

Or  ihc  reaction  may  be  represented  in  one  equation,  thus  :— 

HeSO«+  Hg+ sNaCl  =  Hg3Clj+  NajSO^, 

The  mercuric  sulphate  is  moistened,  and  rubbed  with  the  mercury  untS 
^ubuIcK  arc  no  longer  visible.  The  sodium  chloride  is  added,  and  ihc  wliol< 
mblimed  by  a  suitable  apparatus  inlo  a  chamber  of  such  size  that  the  calomi^. 
instead  of  adhering  to  its  sides  as  a  crystalline  crust,  shall  fall  as  a  fine  powdd 
on  its  floor.  This  powder  is  washed  with  boiling  water  until  the  washinfl 
cease  to  be  darkened  by  a  drop  of  sulphide  of  ammonium,  and  finally  dried 
U  a  heat  not  exceeding  21  a°.  Thus  prepared,  calomel  is  a  dull  white,  heavji 
and  nearly  tasteless  powder,  rendered  yellowish  by  trituration  in  a  mortara 
inwhihte  in  water,  spirit,  or  etlier,  and  entirely  volatile  by  heat 

iKir  analyiis  aaJ imfuntiis,  ut  Aalhot'!  lakljtkal  ChomSitrj,  fugi^i.'S 

WTien  treated  with  either  potaasinm,  sodiuin,  or  calcinm  hydist«,  it  I 
cnmcs  blatrk,  owing  to  the  fornuiion  of  mercarous  oxide. 

Hg,a.  +  CaiHO  -  CaClj  +  Hg.O  .  H;0. 

UTiile  with  ammonium  hydrate  it  yields  a  bktk  wricty  of  hydrargymnk 
ttmnwiMtiim,  called  mercnroua  ajnmoniiim  chloride : — 

Hg,CI,+  iNH.HO  =  NHjHgjCl  +  NH.CU  jH,0. 

tetw  Ayjrargyri  nigra  is  calomel  treated  with  limewater,  and  therefoir 
contains  mercurous  oiide   suspended  in  a  very   weak  solution  of  1 
chlondc. 

Owing  lo  ihe  cost  of  mercury,  and  the  natural  desire  of  the  manufacture 
10  save  expense,  it  somclime.s  hajijiens  that  suffiiHcnt  mercury  is  not  adde^ 
lu  cause  al!  Ihe  mercuric  sulphate  to  assume  the  mercurous  slate,  and  in  t'  " 
csM  tlic  calomel  is  contaminated  with  mercuric  chloride,  This  is  a  vi 
daitgerou!!  thing,  ss  will  be  seen  when  we  consider  that  while  wc  may  g 
5  grainit  uf  ralomel  for  a  dose,  Ihc  outside  dose  of  mercuric  chloride  is  ^  c 
9  jpam  ;  and  every  conscientious  pharmacist  should  always  examine  jjarcci 
of  calomel.  The  test  given  in  the  B.P.  is  to  shake  with  ctlier,  and  ft  ' 
anything  dissolves ;  but  a  more  simple  and  inexpensive  method  is  In  ptac 
the  Hispccicd  calomel  on  a  filler,  and  wash  it  once  or  twice  with  boiling  di 
tilled  water.  If  mercuric  chloride  be  present  it  will  dissolve,  and  may  b 
tested  for  in  tlie  filtrate  with  li^upr  /•outsa,  with  which  it  gives  a  yclloi 
Itrecipiutc. 

RMUcing  agents,  such  as  stannous  chloride,  cause  mercurous  chloride  tj 
be  cunTencd  into  metallic  mercury.  When  subjected  to  the  action  of  hydi 
cjanic  acid,  calomel  is  dccom|K>scd  into  mercuric  chloride  and  DWta" 
mercurT ;  the  latter,  in  consequence  of  its  finely-divided  state,  pos 
black  iio  colour. 


58  FLUORINE  AND  CHLORINE. 

Mercurous  chloride  may  also  be  produced  by  precipitating  mercnroiu 
nitrate  or  snlpliate  with  hydrochloric  acid,  or  sodiom  and  ftT^iwrniffim 
chlorides.  Also  by  heating  mercuric  chloride  with  mercury,  or  reducing 
it  by  Bulphuroas  acid. 


MEBCURIC  CHLOBIDE  (Syns.  Corrosive  Sublimate.    Bichloride  of  Mercury. 
Hydrargvri  FercMoridum).    Formolai  EgClg.  Molecnlav  Weight,  27L 

Prepared  by  subliming  mercuric  sulphate  with  sodium  chloride : — 

HgSO^  +  2NaCl  =  HgCla  +  Na^SO^. 

Mercuric  sulphate  and  the  sodium  chloride  are  mixed  with  a  little  manganese 
peroxide,  and  the  mixture  is  put  into  an  apparatus  adapted  for  sublimation, 
and  sufficient  heat  applied  to  cause  vapours  of  perchloride  of  mercury  to  rise 
into  the  less  heated  part  of  the  apparatus,  which  has  been  arranged  for  their 
condensation.  The  mercuric  chloride  collects  in  heavy,  colourless  masses  of 
prismatic  crystals,  possessing  a  highly  acrid  metallic  taste ;  more  soluble  in 
alcohol,  and  still  more  so  in  ether,  than  in  water,  and  entirely  volatile  by 
heat. 

The  use  of  adding  the  manganic  dioxide  is  to  produce  a  little  free  chlorine, 
and  so  to  prevent  the  formation  of  calomel 

(For  analysis  and  impurities,  see  Author* s  Aaalytioal  Chemistry,  page  85. ) 

When  treated  with  potassium,  sodium,  or  caldnm  hydrate,  it  yields  a 
yellow  precipitate  of  mercnric  oxide.  Reducing  agents,  such  as  stannous 
chloride,  change  mercuric  chloride  first  to  calomel  and  finally  to  metallic 
mercury. 

The  precipitation  of  albuminous  and  fibrinous  matters  by  this  salt  causes  it 
to  be  employed  as  a  preserver  of  animal  textures,  increasing  their  firmness, 
and  entirely  arresting  the  putrefactive  process.  In  order  that  an  aqueous 
solution  of  mercuric  chloride  may  be  obtained  which  is  not  liable  to  spon- 
taneous decomposition,  the  B.P.  directs  that  an  equal  quantity  of  ammonium 
chloride  be  simultaneously  dissolved  in  the  water.  If  this  direction  be  not 
attended  to,  mercurous  chloride  may  be  formed,  together  with  hydrochloric 
acid  and  oxygen  gas ;  thus : — 

4HgCl3  +  2Hj,0  =  2Hg2Cl8  +  4HCI  +  Oj. 

In  the  presence  of  ammonium  chloride,  the  tendency  of  the  mercuric 
chloride  to  form  double  salts  being  satisfied,  this  decomposition  is  averted. 
Upon  litmus  paper  which  has  been  reddened  by  mercuric  chloride,  sodium 
chloride  exerts  an  alkaline  action,  restoring  its  blue  colour. 

AIKEMONIO  MERCURIC  CHLORIDE   (Syns.  Mercur-Ammonium   Chloride. 
White  Frecipitate).    Formula,  l^HgCL    Molecular  Weight,  251*5. 

Is  produced  when  a  solution  of  mercuric  chloride  is  added  to  ammonium 
hydrate : — 

HgCLj  +  2NH4HO  =  (NH3Hg)Cl  +  NH4CI  +  2H2O. 

In  this  reaction  the  dyad  radical  Hg^  displaces  Hg'  from  the  monad  radical 
NH4,  and  produces  a  radical  which  is  called  mercur-ammonium  (NH^Hg), 
which  acts  as  a  monad,  and  forms  salts  similar  in  formula  to  those  of  am- 
monium. The  merciuy  may  also  entirely  displace  the  hydrogen  of  the  NH^ 
giving  rise  to  the  radical  called  di-mercur-ammonium  (NHgg),  acting  as  a 
monsui ;  or  a  similar  thing  may  take  place  with  the  double  molecule  of  am- 
monium (NjHg),  which  may,  by  displacement  of  Hj  by  mercury,  become 
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{NH.)C1.  CNH,Hg}CI. 

Ammonium  Chloride.  Mercur-ammoniiim  Cliloridc. 

(NHg,)CI.  (N,HgHg)CI,. 

Di-iDCicur-annnouium  Chloride.      Merciir-di-ammoniimi  CTiloride. 

As  to  mcTcur-ammoniuin  chloride,  which  is  caWtA  hydrargyrum  an 

in  the  H.  P.,  thai  authority  instructs  us  to  dissolve  the  mercuric  chloride  I 

water  nnd  lo  add  this  solution  to  the  ammonium  hydrate,  constantly  sUrrinj 

to  collect  the  precipitate  on  a  filter,  and  wrash  it  well  wiili  cold  distilled  n 

and  lastly,  to  dry  the  product  at  a  temperature  not  exceeding  21  a". 

Thus  prepared,  hydrargyrum  ammoniatum  is  an  opaque  while  powder,  < 
which  cold  water,  alcohol,  and  ether  have  no  action,  and  entirely  volatile  b 

{For  analysis  and impuritiis,  sii  /tnMur'r  Aaaljrtlokl  Cti«mlatr]r,  ^^84.) 
It  is  necessary  to  add  the  mercuric  chloride  to  the  ammonium  hydrat^I 
and  wash,  exactly  as  ordered,  otherwise  the  colour  of  the  substance  would  Ii 
rendered  yellow,  owing  to  the  formation  of  hydrated  di-mercur-ammomui, 
chloride,  (NHg2)ClH.O,  which  is  produced  either  by  boiling  water,  or  cv«i 
by  the  prolonged  action  of  cold  water.  X 

The  while  precipitate  of  the  B.P.  doa  nel  fate  before  volatilizing  wha 
heated.  All  parcels  should  be  examined  in  this  way,  because  it  is  not  U 
common  to  have  the  mercur-di-ammonium  chloride  (N,H,Hg)Cls  siibstituW 
for  the  projicr  ii,P.  article.  This  is  the  old  " fusible  whitt prtcipilaU"  of  tfa 
London  I'harmacopceia  1834.  and  is  prepared  by  precipitating  mixed  solutioi 
of  mercuric  chloride  and  ammonium  chloride  by  sodium  carbonate.  It  coi 
uins  less  mercury  than  the  B.P.  precipitate,  and  fum  befort  w/atUiting  t 
beat.  Other  adulterations,  such  as  white  lead  or  chalk,  are  left  as  residacs  0 
roUlilization. 

ADBIC  CHLORIDE  (Svns.  OiloriJc  of  Gold.    Tcnklorxde  of  Cold).    PormuU, 
AuClj,  and 


May  be  prodiLced  by  the  solution  of  the  respective  metals  in  nitrohydr^ 
chloric  add.  They  are  chiefly  used  for  analytical  puiposeM,  the  fomier  I 
Komctimca  employed,  either  alone  or  in  combination  with  potassium  cyanidt' 
for  electro-plalmg.     The  last  named  (SnCIJ  is  valuable  to  dycis. 

ALHinniUX  CHLORIDE.    Fomala.  Al^Cl,. 

InicTMiing  on  account  of  its  peculiar  method  of  production,  and  bcin^ 
u>ed  in  maJiing  the  metaL  It  is  pnxluced  when  chlorine  is  passed  over  3 
Duxtarc  of  aluminium  oxide  and  carbon  heated  to  redness. 

Al^Oa  .  C,  +  3CI,  =  AL,C\  t  3CO. 
Tlw  mixture  of  aluminium  oxide  and  carbon,  which  must  be  very  intimate,  is 
made  by  mixing  .-iluminuim  hydrate  with  oil  and  flour,  and  hearing  to  rcdnesL'jl 

A  solution  of  alumniiuni  chlondc  forms  the  so-called  "  Chhriilum." 

XAHOANODS  and  STARHOUS  CHLOSIDES.    Formnle,  HaCIj  and  SnCIy  J 

(_\an  he  [.litaiiRii  by  boiling  the  metal  or  the  hydrate  with  hyKlrorJdoi 
an-l.  Ihe  former  m.iy  also  be  formed  by  treating  any  oxide  of  augao^ 
will)  boiling  hydrochloric  acid. 


6o  FLUORINE  AND  CHLORINE, 

Stannous  chloride  constitutes  one  of  the  most  useful  tests  for  mercury  and 
for  gold.  With  the  former  it  yields  a  grey,  and  with  the  latter  a  black  pre- 
cipitate. In  each  case  the  precipitate  consists  of  the  respective  metals  in  a 
finely  divided  state. 

{For  analysis  and  impurities,  see  Author's  Analytical  ChetDS3^j\  page  84.) 

FEEKOHS  CHLOBIDE  (Syn.  Chloride  of  Iron).    Formula,  FeClj,.    Molecular 
Weight,  127. 

Produced  when  iron  is  dissolved  in  hydrochloric  acid : — 

Fe^  +  4HCI  =  2FeCl2  +  2H3. 

The  greenish  solution  thus  obtained,  evaporated  out  of  contact  with  the 
air,  deposits  greenish  crystals  of  FeCl24H20.  Exposed  to  the  air,  it  decom- 
poses, changing  partly  to  ferric  chloride,  and  depositing  a  reddish-yellow 
ferric  oxy chloride. 

FERRIC  CHLORIDE  (Syn.  Ptrchloride  of  Iron),    Formula,  FCgClg.    Molecu- 
lar Weight,  325. 

Prepared  in  the  anhydrous  state  by  passing  dry  chlorine  over  iron  filings 
heated  to  redness  in  a  porcelain  tube,  terminated  by  a  receiver  in  which  the 
chloride  collects.  It  is  a  red  substance,  appearing  greenish  by  transmitted 
light,  very  volatile  and  deliquescent,  and  used  occasionally  in  a  solid  state  in 
pharmacy. 

The  liquor  ferri  percMoridi  fortior  of  the  B.P.  is  an  acid  solution  of  this 
substance,  which  is  prepared  by  dissolving  iron  wire  in  hydrochloric  acid ; 
adding  more  hydrochloric  acid,  and  a  little  nitric  acid,  and  warming  until  the 
solution  ceases  to  evolve  red  fumes,  and  becomes  changed  to  a  reddish- 
brown  colour. 

{For  analysis  and  impurities ,  see  Author^ s  Analytical  Chemistry, /^.r  84.) 

By  this  method  we  first  produce  ferrous  chloride  by  the  action  of  iron  wire 
and  hydrochloric  acid  : — 

SFcg  +  1 2HCI  =  6FeCl3  +  6H2. 

On  heating  this  solution  containing  FeCl2  with  more  hydrochloric  acid  and 
nitric  acid,  the  latter  becomes  reduced  to  nitric  oxide,  and  gives  up  nascent 
oxygen,  which  instantly  combines  with  the  hydrogen  of  the  hydrochloric  acid, 
and  so  liberates  six  atoms  of  chlorine  to  change  the  6FeCl2  into  3Fe2Clg 
(three  molecules  of  ferric  chloride)  thus  : 

eFeClo  +  6HC1  +  2HNO3  =  sFeoClg  +  2NO  +  4H3O. 

Liquor  fcrri  perchloridi  is  made  by  taking  5  fluid  ounces  of  strong  solution 
of  perchloride  of  iron  and  15  fluid  ounces  of  distilled  water,  and  mixing. 

It  is  important  for  medical  reasons  in  making  this  liquor  not  to  exceed  the 
quantity  of  acid,  as  the  solution  is  to  be  taken  internally ;  but  for  chemical 
reasons  the  acid  is  essential,  because  if  too  little  HCl  be  used,  a  yellow 
deposit  would  form,  very  difficult  to  redissolve,  and  having  the  composition 
Fe2Cl6i2Fe203.  The  substance  thus  produced  is  therefore  an  oxychloride  of 
iron,  and  is  only  one  of  the  large  series  of  very  interesting  compounds  of 
a  similar  nature. 

When  liquor  ferri  perchloridi  is  digested  with  freshly  precipitated  ferric 
hydrate,  the  latter  at  once  begins  to  dissolve,  at  first  rapidly,  but  afterwards 
more  slowly,  until  a  point  arrives  at  which  the  liquid  becomes  a  jelly. 
This  jelly  is  soluble  in  water,  and  is  also  an  oxy  chloride  containing  from 
Fe^ClgioFe203  to  Fe2Clgi2Fe203,  according  to  the  exact  amount  of  ferric 
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bj'dnile  dissolved.  I'he  soltiHon  of  this  jdlj  is  not  affected  by  boitiid 
diiutioB,  or  the  addition  of  spirit;  btit  it  is  ioslantly  precipitated  by  r^ 
addition  of  a  few  drops  of  hydiochloric  airid.  By  dialysis  much  of  I 
iir^'stallinc  ferric  chloride  may  be  removed  from  this  corupoimd,  and  t! 
fluid  remaining  in  the  dialyzer  is  known  as  luimrferri  dialyiali.  \See  7h 
Hydrate.) 

A  mixture  of  iii/iwr  ferri  perehleridi  /ortwr  and  rectified  spirit  c 
fimtura  ferri ptrchlortdt,  if  the  mixture  be  made  in  the  proportion  of  three  1 
^irit  to  one  of  the  liquor  by  tneasure.  The  addition  of  the  spirit,  far  frxr 
being  an  improvement,  renders  the  mixture  Uable  to  deposit  on  keeping.  \ 
taxx,  it  invariably  produces  an  insoluble  oxychloride,  after  a  time  varying  witfi 
the  Ecason,  and  consequendy  with  the  temperature.  Ethyl  chloride  and  sonur 
other  products  are  also  simultaneously  formed. 

COBALTOnS  CBLOBIDE.    Formula,  CoCL»  and 
COBJLLTIC  CHLOBIDK     Formula,  Co^Clg. 

Neither  are  of  aiiy  interest  fn>m  a  pharmaceutical  point  ol  view. 
may  be  formed  from  the  corresponding  oxide  by  dissolving  in  cold  hydn 
chloric  add.  The  former  results  from  the  action  of  this  acid  upon  the  mell 
also,  and  is  red  nht-n  hydrated  but  blue  when  anhydrous. 

HICKELOUS  CHLORIDE.    Fornmla,  NiCl,. 

Wien  liydraled  this  sail  is  green,  but  when  obtained  anhydrous  by  siibllnu 
tion  is  golden  yellow.  It  may  be  produced  by  the  action  of  clilorine  ou  th 
heated  metal,  or  by  dissolving  nickel  oxide  or  hydrate  In  hydrochloric  acid,  j 

PLATHflC  CHLOEIDE  (Svns.  rtrchioride  of  Platinum.  Tdraehloride  | 
Platinum).  Formula,  FtCl^. 
Is  formed  l^  dissolving  the  metal  in  nitro-liydrochloric  acid.  It  reqoiri 
•otnc'  lime  lo  effect  complete  solution,  and  tlie  whole  is  then  evaporaied  I 
dryness  on  the  water-lath  with  the  addition  from  time  to  lime  of  a  liti 
more  hydrochloric  acid,  till  .ill  traces  of  nitric  acid  are  expelled.  The  salt  | 
thus  obtained  as  a  yellowish  ni.iss  soluble  in  water,  alcohol,  and  ether.  WJwl 
iicaied  ii  fuses ;  and  if  a  strong  heat  be  applied  it  decomposes,  leaving  X 
first  piaiinous  chloride  (I'lClj),  but  afterwards  nothing  but  nieUllic  pLitinid 
rrm4in9.  I'btinic  chloride  is  used  for  the  quantitative  estimation  of  potsssitu 
and  antmonium,  with  which  it  forms  insoluble  double  chlorides  having  i' 
naiijcctivc  formulae  of  l'lCl,jKCI  and  PtCl,iNH.CI. 

( Alv  an.\Syih  a-J  imfurilifj,  itc  Anikari  Analytical  CbmUitr;,  past  8f  1 

FLVXBIC  CRLOSIDE  (Svns.  Afapslery  of  Lead.     Horn  LeaS}.    Fonttol 
?bClj 

'fhe  precipitate  produced  when  a  soluble  salt  of  lead  is  mixe<I  witli  hydn 
cUaric  acid.  It  is  nearly  insoluble  in  cold  water,  quite  soluble  in  builin 
witcr.  and  absolutely  insoluble  in  alcohol.  It  may  be  prepared,  though  wf 
difficulty,  by  boiling  lead  with  very  strong  hydrochloric  acid.  135  parts 
cold  waicr  arc  required  to  dissolve  it ;  but  only  30  parts  of  boiling  water  a 
required. 

AJnUCORIOnS  chloride    (Sw.  Liquor  Anliutaiiii  CMoridi.     Butler  of 
Aulimcn}).     Formula,  SbClj. 
llay  be   [krcparcd  solid  as  a  transparent,  colouriess,  fatty-looking  moM. 
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which  fumes  slightly,  and  melts  at  i6o°  F.,  by  distilling  the  RP.  liquor  anti- 
monii  Moridi,  until  (the  water  and  excess  of  acid  having  passed  off)  the 
product  solidifies  in  the  receiver. 

The  B.P.  liquor^  is  produced  by  dissolving  the  black  native  sulphide  of 
antimony  in  strong  boiling  hydrochloric  acid;  cold  acid  being  devoid  of 
action. 

SbjSj  +  6Ha  =  2SbCl8  +  sHjS. 

The  sulphide  dissolves  with  the  evolution  of  sulphuretted  hydrogen  gas, 
and  leaves  a  solution  of  antimonious  chloride  in  excess  of  imdecompc^ed 
hydrochloric  acid. 

Liquor  antimonii  chioridi  is  a  heavy  liquid,  usually  of  a  yellowish-red 
colour,  having  a  specific  gravity  of  i  '47  ;  when  it  is  poured  into  water  it  forms 
a  white  precipitate  of  oxychloride  of  antimony,  which  has  been  found  to 
contain  (SbCl3)25Sb203 ;  Uius : — 

i2SbCl3  +  I  sHjO  =  (SbCl3)25Sbj03  +  30HCI. 

{For  analysis  and  impurities ^  see  Author's  Axialytical  Chemittry,  page  85.) 

This  substance  was  formerly  used  in  medicine,  and  called  the  powder  of 
aigarothy  but  its  only  interest  now  arises  from  its  production  in  the  course  of 
making  the  B.P.  antimonii  oxidum.    This  precipitate  is  entirely  soluble  in 
tartaric  acid,  which  serves  to  distinguish  it  from  the  similar  oxysalts  produced 
by  acid  solutions  of  bismuth,  when  diluted  with  water. 

The  colour  of  antimonious  chloride  is  due,  in  most  cases,  to  the  presence 
of  ferric  chloride  produced  by  the  iron  usually  existing  in  the  native  anti- 
monious sulphide  employed.  Sometimes,  however,  in  consequence  of  an  idea 
that  the  strength  of  the  colour  is  an  indication  of  the  quality,  this  is  pur- 
posely increased  in  depth  by  the  addition  of  ferric  nitrate. 

BISMUTHOUS  CHLOBIDE,  BiCls,  and 

OXYCHLORIDE,  BiOCL 

The  former  is  soluble  in  acidulated  water,  and  the  latter  is  produced  as  a 
white  precipitate,  on  diluting  a  solution  of  the  former  extensively  with  water. 
The  BiCls  is  formed  by  the  solution  of  the  metal  in  hydrochloric  acid. 
Bismuth  oxychloride  is  a  heavy  white  powder  which  is  sometimes  termed 
bismuthyl  chloride^  and  is  extensively  used  as  a  cosmetic  under  the  name  of 
blanc  desperles.     By  ignition  it  is  converted  into  the  oxide. 

CHROMOIJS  CHLORIDE,  CrCls ; 
CHROMIC  CHLORIDE,  Cr^Cle ;  and 
FERCHROMIC  CHLORIDE,  Crdg. 

The  latter  is  not  known  in  the  free  state,  but  is  probably  united  with 
chromic  anhydride,  Cr03,  in  chlorochromic  anhydride,  CrOgCla  or 

2Cr03.    CrC^  =  (Cr3ClA). 

The  chromous  chloride  results  from  the  action  of  chlorine  upon  chromic 
oxide  (CrgOs)  and  carbon  heated  to  redness. 

Chromic  chloride  is  produced  by  the  same  means ;  the  chlorine,  however, 
being  passed  over  the  mixture  for  a  much  longer  time.  It  may  be  obtained 
in  a  hydrated  form  by  dissolving  chromic  hydrate  in  hydrochloric  acid,  or  by 
exposing  the  blue  solution  of  chromous  chloride  to  the  air.  The  hydrated 
CrgClfl  decomposes,  like  magnesium  chloride,  by  evaporation,  depositing 
Crg6H0  (chromic  hydrate). 


CHLORINE   WITH  OXYGEN.  « 

A  solution  conlaining  perchromic  chloride  may  be  obtained,  by  acting  ( 
nhimbic  chromale  with  hydrochloric  acid,   which   possesses  the  power  ol  ' 
^ving  gold. 


COMPOUNDS  OF  CHLORINE  WITH  OXYGEN.      , 

i«  forms  a  series  or  oxides  which  yield  their  corresponding  acids  by 
Idition  of  HoO,  as  follows : — 

IwcMoroiiB  Anhydride,  ClgO HypocUoroiu  Acid,  HCIO. 

i-  OxiJf  [umiiscmerfd),  CUO,. 

W6U8  Anhydride,  CI3O, Chlorons  Acid,  HClOj. 

rcUoric  Oxide,  or  Chloric  Peroxide,  CljO^ 

IMwv  Anhydride  (undiscoi'end),  CljOj   .    .    Chloric  Acid,  liClOj. 
'     " "     ;;  Anhydridt  {undiscovered)^  CljOj     .     Perchloric  Acid,  HCIO^. 


lOSOUS  ANHTDBUIE.    Formula,  Cl.,0. 

It  yellowish  gas  with  an  irritating  odour  recalling  that  of  chlorine. 

ibla  by  cold  to  a  blood-red  liquid,  and  is  prepared  by  passing  perfectly 
blorine  over  precipitated  and  dried  mercuric  oxide,  in  a  tube  cooled  to 
ing  point : — 

HgO  +  aClj^OiO  +  HgCIa. 
K^ts  remarkable  that  the  B.P,  red  mercuric  oxide  prepared  from  the  nitrate 
gaot  thus  act  with  chlorine. 

■contact  with  water  it  should  form  hypochlorous  acid  :— 
ClsO  +  H,p=aHCIO. 
ctice,  however,  no  such  action  occurs. 

OEN  HYPOCHLORITE  (SvN.  Hypochlorous  Acta). 

I  be  prepared  by  passing  chlorine  into  water  containing  calcium  car, 
'a  suspension. 

CaCOj  +  HjO  +  aClj=  aHOO  +  CaCl,  +  COj. 

D  by  passing  air  saturated  with  hydrochloric  acid  gas  through  a  solution  J 
tassium  perraitnganate  acidulated  with  hydrochloric  acid  and  heated  to  I 
f  Ft  when  HCIO  distils  over. 

{Fer  tiaraeUrs  am!  dtltcHuH,  ste  Aulkot'i  Analjtlul  Checniitrj.  pDge  50.) 

is  add,  in  solution,  as  we  prepare  it,  is  a  yellowish  liquid,  possessing  in  a 
jDUrated  degree  the  odour  as  well  as  the  bleaching  and  oxidiiitig  pro-   I 
p  of  chlorine.   Treated  with  hydrochloric  acid  it  is  decomposed,  forming  | 
'  e  and  water ; — 

HCIO  +  HCUClj  +  HjO. 

K-  It  combines  with  metals  to  produce  a  class  of  salts  called  "  hypochlorites,'  ' 
in  which  CIO  acts  as  a  monad  acidulous  radical.  They  are  not  employed  in  I 
1«  pure  Btate  in  Pharmacy,  but  occur  mixed  with  chlorides  under  the  names  ff 
■*  eklerata  and  $oda  Moraia. 
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METALLIC   HYPOCHLORITES. 

SODA    CHLOEATA    (Svns.    Chlorinated    Soda.     Labarraqu^s   Liquid). 
Formula,  NaClNaClO. 

Is  prepared  in  solution  as  liquor  soda  chlorata  by-  passing  chlorine  gas  into 
cold  solution  of  sodium  carbonate  : — 

NajCOa  +  Q\  =  NaCl.NaClO  +  COg. 

The  B.P.  instructs  that  the  chlorine,  prepared  by  heating  hydrochloric  acid 
with  manganese  peroxide,  shall  be  passed  into  such  an  amount  of  sodium 
carbonate  in  solution  that  an  excess  of  the  latter  shall  be  left  unsaturated. 
The  carbonic  anhydride  liberated  acts  upon  this  excess  and  converts  it  into 
sodium  hydrocarbonate ;  and  therefore  the  liquor  really  contains  sodium 
hypochlorite,  sodium  chloride,  and  sodium  hydrocarbonate,  thus  : — 

2Na2C03  +  CI3  +  H3O  =  NaCLNaClO  +  2NaHC08. 

Thus  prepared  it  is  an  alkaline  colourless  liquid,  smelling  of  chlorine  and 
having  a  specific  gravity  of  1*103.  It  decomposes  slowly  at  ordinary  tem- 
peratures and  rapidly  on  boiling,  forming  a  mixture  of  sodium  chloride  and 
chlorate. 

(For  analysis  and  impurities  and  volumetric  estimation,  see  Author's  Analytical  Chemistry, 
pages  85  and  158.) 

CALX  CHLOBATA  Syns.    Chlorinated  Lime.      Chloride  of  Lime,     Bleaching 
Poivder.      Calcyl  Chloride).     Formula,  CaCl3Ca2C10. 

Is  prepared  by  passing  chlorine  gas  over  calcium  hydrate.  This  most 
important  industrial  process  is  conducted  by  very  carefully  slaking  the  calcium 
oxide  (which  should  be  as  free  from  magnesium  and  metals  as  possible,  lest 
deliquescent  magnesium  chloride  be  formed,  and  the  product  be  too  much 
inclined  to  dampness),  and  rubbing  it  through  a  sieve  until  perfectly  powdered. 
The  powder  is  then  spread  out  on  shelves  in  a  rectangular  chamber,  and  the 
latter  having  been  closed,  chlorine  gas  is  admitted  at  the  top,  and  its  passage 
continued  as  long  as  absorption  takes  place,  and  until  a  product  has  been 
formed  which  contains  33  per  cent,  of  available  chlorine.  In  winter  this 
point  is  easily  attained,  but  in  summer  it  is  not  always  possible,  owing  to  the 
heat,  which  prevents  full  absorption. 

Commercial  chloride  of  lime  is  a  dull  white  dampish  powder  smelling  strongly 
of  chlorine.  It  contains  calcium  hypochlorite,  calcium  chloride,  calcium 
hydrate,  and  calcium  carbonate,  with  sundry  impurities.  Water  partially  dis- 
solves it,  taking  up  the  hypochlorite,  chloride,  and  a  little  of  the  calcium 
hydrate,  and  leaving  the  bulk  of  the  latter,  together  with  the  carbonate,  etc, 
insoluble. 

{For  analysis  and  impurities ,  see  Author's  Analytical  Chemistry,  pages  85  and  158.) 

Both  the  soda  and  calx  chlorata  evolve  hypochlorous  acid  under  the  in- 
fluence of  very  dilute  acids,  and  even  when  simply  in  contact  with  the 
carbonic  acid  of  the  atmosphere.  With  the  very  slightest  excess  of  any  acid, 
such  as  sulphuric,  howe/er,  they  do  not  evolve  that  substance,  but  are  decom- 
posed, yielding  chlorine : — 

CaCl3.Ca2C10  +  2H2SO4  =  2CaS04  +  2CL2  +  2H3O. 

This  occurs,  more  strictly  speaking,  as  follows  : — 

1.  CaCl3.Ca2C10  +  2H3SO4  =  2CaS04  +  2HCIO  +  2HCI. 

2.  2HCIO  +  2HCI  =  2Cla  +  2H5O. 
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By  the  last  reaction,  it  is  evident,  that  in  the  presence  of  hydrochloric  acid, 
chlorine  is  also  evolved. 

CaCl2.Ca2C10  +  4HCI  =  2CI2  +  2CaCf2  +  2H2O. 

The  estimation  of  the  amount  of  chlorine  which  any  particular  sample  ol 
bleaching  powder  will  evolve  for  industrial  or  other  purposes  is  a  matter  of 
much  importance.  The  chlorine  thus  estimated  is  called  by  the  analyst 
avctilabU  chlorine^  and  it  is  always  ascertained  by  volumetric  analysis. 

{See  Author's  Analytical  Chemistry, /a^  158.) 

As  it  is  impossible  to  demonstrate  conclusively  the  existence  of  metallic 
chlorides  in  good  chlorinated  lime  and  soda,  many  chemists  consider  these 
products  to  be  chlorides  of  the  hypothetical  radicals, — 

Calcyl  (CaO)  and  sodyl  (NaoO). 

Thus: — 

Sodyl  Chloride,  NagOClg. 
Calcyl  Chloride,  CaOC^ 
These  formuke  may  be  accounted  for,  thus  : — 

Na— Clg— O— Na. 
CI— Ca— O— CI. 
In  the  sodium  compound  the  group  Clg  acts  as  a  dyad,  though  it  is  usually 
a  saturated  molecule.  If  the  calcium  compound  had  the  formula  it  is  usually 
supposed  to  have,  the  calcium  chloride  could  be  dissolved  by  alcohol.  As 
this  cannot  be  done  there  seems  no  better  explanation  than  to  ascribe  to  the 
ealx  chlorata  the  above  given  composition. 

CHLOBOXJS  ANHTDBIDE  (Syn.  Chlorous  oxide).    Formula,  CI3O3. 

Is  a  greenish  yellow  gas,  only  liquefiable  by  the  most  intense  cold.  It  is 
prepared  by  heating  a  mixture  of  potassium  chlorate  with  nitric  and  arsenious 
acids.  The  latter  acid  reduces  the  former  to  nitrous  acid,  which  in  its  turn 
deoxidizes  the  chlorate.  The  action  of  the  nitrous  acid  may  be  shown 
thus: — 

2KCIO3  +  2HNO3  =  CI2O3  +  H2O  +  2KNO3. 

HTDBOOEN  CHLORITE  (Svn.  Chlorous  Acid).    Formula,  HClOo. 

When  chlorous  anhydride  dissolves  in  water  this  acid  is  formed,  which 
combines  \vith  metals  to  form  a  class  of  salts  called  chloriies,  which  are  of  no 
pharmaceutical  interest.  It  possesses  bleaching  properties,  is  a  greenish  liquid, 
and  combines  violently  with  alkaline  hydrates. 

A  remarkable  fact  about  chlorous  acid  is  that  it  is  destitute  of  the  power  of 
decomposing  a  carbonate. 

PSSCELOBIC  OXIDE.    Formnla  CljO^  =  2CIO3. 

A  very  heavy  and  exceedingly  explosive  yellow  gas,  produced  by  the  action 
of  strong  sulphuric  acid  upon  potassium  chlorate  : — 

3KCIO8  +  2H2SO.^  =  KCIO4  +  2KHS0^  +  CI2O4  +  HgO. 

The  least  elevation  of  temperature,  or  the  presence  of  any  combustible  or 
organic  matter,  instantly  causes  this  gas  to  decompose,  with  a  powerful  ex- 
plosion, into  chlorine  and  oxygen.  It  can  be  condensed  by  cold  into  a  liquid  ; 
aod  is  the  active  agent  in  the  well-known  experiment  of  spontaneous  combus- 
tion when  a  mixture  of  sugar  and  potassium  chlorate  is  touched  with  strong 
sulphuric  acid.  It  cannot  be  collected  either  over  water  or  mercury,  as  it  is 
decomposed  by  both. 

F 


66  FLUORINE  AND  CHLORINE, 


By  the  action  of  the  former  perchloric  oxide  is  decomposed  into  a  mixture 
of  chlorous  and  chloric  acids  : — 

CI2O4  +  H3O  =  HClOo  +  HCIO3. 

HYDROGEN  CHLORATE  (Syn.  Chloric  Acid),    Formula,  HCIO3. 

May  be  prepared  in  solution  by  the  action  of  very  dilute  sulphuric  acid 
upon  a  chlorate.  The  best  one  to  use  for  this  purpose  is  barium  chlorate, 
because  the  bye-product  of  barium  sulphate,  being  insoluble,  can  be  easily 
removed  by  filtration. 

Ba2C103  +  HgSO^  =  2HCIO3  +  BaSO^. 

Thus  prepared,  and  concentrated  by  evaporation  in  vacuo^  it  is  a  thick 
liquid,  with  an  irritating  chlorine-like  odour,  and  immediately  decomposed 
by  organic  matters  or  by  heat.  It  combines  with  metals  to  form  a  class  of 
salts,  called  chlorates,  having  for  their  acidulous  radicals  the  group  ClOs,  which 
acts  as  a  monad.  All  chlorates  are  more  or  less  soluble  in  water  and  decom- 
posed by  strong  sulphuric  acid. 

Alkaline  chlorates  are  prepared  by  passing  chlorine  into  a  solution  of  an 
alkaline  hydrate,  thus  forming  hypochlorite  and  chloride  (already  studied). 

6KH0  +  3CI3  =  3KCIO  +  3KCI  +  3H2O. 

On  boiling  this  solution,  it  decomposes,  and  forms  a  mixture  of  chloride 
and  chlorate.     The  latter  can  be  separated  by  fractional  crystallization  : — 

3KCIO  +  3KCI  =  5KCI  +  KCIOj.   ' 

Thus  we  see  that  the  result  of  passing  chlorine  into  a  solution  of  an  alkali, 
and  heating,  is  the  production  of  an  ide  and  an  ate  in  the  proportion  of  five 
of  the  former  to  one  of  the  latter. 

This  is  an  important  fact  to  keep  in  mind,  because  it  applies  equally  to 
iodine  and  bromine,  and  will  assist  materially  in  writing  out  equations. 

{For  detection  afui  separation  of  Chlorates^  see  Author^  Analytical  Chemistry,  pa^  50.) 

POTASSIUM   CHLORATE   (Syn.    Chlorate   of  Potash).      Formula,  EClOs. 
Molecular  Weight,  122*5. 

Can  be  prepared  as  just  described ;  but  such  a  process  would  be  very  ex- 
pensive, owing  to  the  amount  of  potassium  wasted  as  chloride.  It  has  been 
found,  however,  that  by  substituting  a  proper  proportion  of  slaked  lime  for  f 
oi  the  potassium  hydrate,  all  the  former  will  become  chloride  while  the  latter 
only  will  form  chlorate.  By  this  process  a  great  saving  of  potassiiim  is 
effected  ;  and  not  only  so,  but  as  potassium  hydrate  is  produced  by  potassium 
carbonate  and  slaked  lime,  it  is  only  necessary  to  use  6  molecules  instead  of 
5  of  the  latter,  and  then  potassium  carbonate  can  be  employed.  The  B.P. 
process  is  therefore  essentially  to  pass  chlorine  into  a  solution  of  potassium 
carbonate,  mixed  with  slaked  lime,  until  absorption  ceases,  boil  the  solution, 
filter,  and  crystallize.  Viewed  by  the  light  of  these  explanations,  an  appa- 
rently very  difficult  equation  becomes  simple : — 

K2CO3  +  6Ca2HO  +  6CI2  =  2KCIO3  +  sCaClg  +  CaC03  +  6H2O. 

In  practice  the  lime  and  potassium  carbonate  are  made  into  a  paste  with 
water,  placed  in  a  carboy,  and  chlorine  passed  through.  The  whole  is  then 
boiled  with  a  good  quantity  of  water,  filtered,  and  crystallized. 

The  completion  of  the  action  of  the  chlorine  is  determined  by  examining 
the  colour  of  the  pasty  mass  in  the  carboy.  If  it  be  pink  (owing  to  the 
formation  of  a  small  quantity  of  an  alkaline  permanganate  from  the  trace  of 
manganese  mechanically  canied  over  with  the  current  of  chlorine)  no  further 
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absorption  will  take  place.  Potassium  chlorate  is  in  colourless  rhoraboidal 
crystalline  plates^  sparingly  soluble  in  cold  water  and  insoluble  in  alcohol.  It 
is  much  employed,  either  alone  or  mixed  with  hydrochloric  or  sulphuric  acid, 
as  an  oxidizing  agent.  When  heated  in  contact  with  organic  substances,  it 
speedily  converts  them  into  their  ultimate  products  of  combustion,  viz.,  car- 
bonic acid  gas,  water,  and  ammonia  gas  or  nitrogen.  In  combination  with 
hydrochloric  acid  it  is  used  in  toxicological  investigations,  for  the  purpose  of 
destroying,  to  a  considerable  extent,  such  substances  as  might  interfere  with 
the  detection  of  poisons.  It  was  formerly  supposed  that  potassium  chlorate, 
when  medicinally  administered,  tended  to  oxidize  all  the  impurities  with 
which  it  might  come  in  contact ;  but  it  has  been  found  that,  like  other  saline 
bodies,  it  passes  through  the  body  with  but  little  if  any  decomposition  or 
alteration^ 

{For  analysis  and  impurities^  see  Author's  Analytical  Chemistry,  fnxge  85.) 

Potassium  and  all  alkaline  chlorates  yield  oxygen  when  heated,  and  leave 
a  residue  of  chloride  : — 

,2KC103  =  2KCl  +  302. 

While,  on  the  other  hand,  chlorates  of  earthy  and  heavy  metals  evolve 
oxygen  and  chlorine,  leaving  oxides  : — 

2(Mg2Cl03)  =  2MgO  +  2CI3  +  sOo. 

When  potassium  chlorate  is  heated  until  it  fuses  thoroughly,  and  begins  to 
thicken,  and  the  source  of  heat  is  withdrawn,  a  residue  is  left,  containing 
potassium  perchlorate  together  with  potassium  chloride. 

2KCIO3  =  KCIO4  +  KCl  +  Oo. 

A  similar  action  takes  place  when  potassium  chlorate  is  treated  with  nitric 
acid  ;  only  in  this  case  the  bye-product  is  nitrate  instead  of  chloride  : — 

6KCIO3  +  4HNO3  =  2KClOi  +  4KNO3  +  4O0  +  2CI2  +  2H2O. 

The  perchlorate  obtained  by  either  of  these  processes,  being  much  less  soluble 
in  water  than  either  of  the  bye- products,  crystallizes  out  first. 

PEBCHLOBIC  ACID.    Formula,  HCIO^. 

May  be  produced  by  distilling  potassium  perchlorate  with  sulphuric  acid. 
It  is  a  heavy  colourless  Hcjuid,  which,  even  when  preserved  in  the  dark,  sud- 
denly decomposes  with  explosion  after  a  week  or  two.  It  explodes  at  once 
with  fearful  violence  on  touching  organic  matter  or  carbon. 

POTASSIUX  PEBCHLORATE  (Svn.  Perchlorate  of  Potash).  Formula,  KCIO^. 

May  be  obtained  mixed  with  potassium  nitrate  by  dropping  cr>'stals  of 
potassium  chlorate  (one  or  two  only  at  a  time)  into  hot  nitric  acid,  and  after- 
wards separating  by  fractional  crystallization.  Explosion  in  this  process  is 
avoided  because,  instead  of  forming  perchloric  oxide,  the  chlorine  and  oxygen 
are  liberated  as  a  mixture,  and  not  a  compound.  It  is,  like  the  chlorate,  only 
slightly  soluble  in  water.    The  perchlorates  arc  not  of  pharmaceutical  interest. 

{For  detection  of  Perchlorates^  see  Authors  Analytical  Chemistry, /o^r  50.) 

BUCHLOBINE.    Formula,  ClioOg. 

This  peculiar  body,  discovered  by  Sir  Humphrey  Davy,  is  a  greenish-yellow 
gas,  produced  by  the  action  of  hydrochloric  acid  upon  potassium  chlorate. 
Its  odour  is  characteristic,  and  it  is  a  mixture  of  nine  parts  of  chlorine  and 
three  of  perchloric  oxide  : — 

(3CIO0  +  9CI)  =  CI1.A,. 
4KCIO3  +  1 2HCI  =  CliA  +  4RCI  +  6H.0. 


CHAPTER    V. 
BROMINE  AND  IODINE. 


BROMINE. 

BROMINE.  Symbol,  Br.  Atomic  Weight,  80.  In  the  free  state,  Br^ 
Molecular  Weight,  160.  Density  of  Vapour,  referred  to  Air,  6'54. 
Density  of  Vapour,  referred  to  Hydroxy  80.    Atomicity,  Monad. 

Exists  in  nature  in  certain  saline  springs,  notably  those  near  Kreuznach,  in 
Germany.  It  is  also  found  in  sea  water,  in  the  state  of  magnesium  bromide, 
and  in  the  mother-liquors  of  kelp,  along  with  iodine.  {See  Iodine.)  The 
water  of  the  spring  is  evaporated  and  crystallized,  this  process  being  repeated 
until  all  the  alkdine  chlorides  and  sulphates  are  removed. 

The  mother-liquor,  which  contains  the  magnesium  bromide,  is  evaporated, 
and  distilled  with  manganic  dioxide  and  Sulphuric  acid.  The  neck  of  the 
retort  is  plunged  under  cold  water,  and  the  bromine  collects  in  drops  at  the 
bottom.  ' 

MgBrg  +  MnOjj  +  2H2SO4  =  Br^  +  MgS04  +  MnS04  +  ^HgO. 

The  crude  bromine  thus  obtained  is  finally  rectified  over  calcium  chloride. 
It  is  also  prepared  from  the  residual  liquors  of  kelp,  after  removal  of  the 
iodine  as  cuprous  iodide  {see  Iodine),  by  evaporation  and  distillation  as  above 
described. 

Bromine  is  a  dark  brownish-red,  very  volatile  liquid,  with  a  strong  and  dis- 
agreeable odour.     Its  specific  gravity  is  2*966. 

It  is  soluble  in  water  to  the  extent  of  about  31  in  1000,  the  solution  thus 
obtained  having  a  specific  gravity  of  i'024.  This  solution  is  of  a  slighdy 
orange  colour,  is  not  nearly  so  rapidly  decomposed  by  light  as  chlorine  water, 
and  when  cooled  to  the  freezing  point  it  forms,  like  chlorine,  a  definite  solid 
hydrate,  BrsHgO.  It  is  more  soluble  in  alcohol  than  in  water,  and  very  freely 
so  in  ether,  chloroform,  and  carbon  disulphide,  its  solutions  in  these  menstrua 
having  a  very  characteristic  yellowish-red  tinge.  Like  chlorine,  it  acts  as  an 
indirect  oxidant  in  contact  with  water  \  but  is  weaker  in  its  affinities  to  basy- 
lous  radicals  than  that  substance,  although  stronger  than  iodine.  Thus,  while 
free  chlorine  will  replace  both  bromine  and  iodine  from  a  metal,  free  bromine 
will  only  displace  iodine.  It  is,  therefore,  intermediate,  in  all  its  properties, 
between  those  two  metalloids.  The  following  table  will  give  an  idea  of  the 
relative  powers  of  CI,  Br,  and  I,  which  constitute  a  group  by  themselves, 
under  the  name  of  the  Halogens,  They  are  thus  called  because  they  can 
combine  directly  with  bases,  without  forming  acids. 

Atomic  Character  at  Behaviour 

«^  Ordinary  of  Solution 

•  Temperature.  in  Light. 

CI    .     35 '5     ...     .      Gaseous rapidly  decomposed. 

Br    .     80 Liquid slowly        ditto. 

I      .127 Solid scarcely  affected. 


I 


nine  b  slightly  volatile  at  ordinary  temperatures,  giving  red  vapours 

5  an  exceedingly  offensive  odour;  and  healed  to  about  120"  F.,  it  boils, 

a  vapour  which  has  a  density  of  554  (referred  to  hydrogen,  of  80) ;  at 

il  is  luinverted  into  a  reddish  crystalline  solid.     Free  bromine  combine^ 

-tatch  paste  to  form  an  orange-red  comiwund  called  bromide  of  starch, 

is  Bot  readily  bleached  by  excess  of  chlorine. 

{FfrJtiathm  0/ Bromini,  set  Aul/ioi-'s  Analj'ticftl  Ch«niitry,/ui-c  51.) 
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n>B0GE5  BROMIDE  (Sv-v.  Hydrobromk  Add).    Formula.  HBr.    Mole- 

Cttlu  We^ht,  81. 
jls  given  off  as  a  colourless  gas,  ivith  a  decided  pungency,  similar  to  that  of 
rdrochloric  acid,  whenever  sulphuric  acid  is  heated  with  potaesinm  bromide 
I  any  alkaltne  bromide. 

2KBr  +  Hj.SO, --  aHBr  +  KiSO^. 
.    It  cannot  be  prepared  thus  in  practice,  because  it  is  at  once  decomposed 
br    BSf  ezceaa  of  sulphuric  acid,  yielding  snlphnious  anhydride  and  free 

HjSO^  +  2HBr  =  Brj  +  SO,  +  aHjO. 
Jherefore  prepared  in  solution  (i)  by  passing  snlplitiretted  hydrogeu 
iteomine  suspended  in  water:— 

2HjS  +  jBr3-4HBr  +  Sj; 
y  acting  on  phoBphorous  bromide  with  water,  thus ; — 
t3H30-3HBr  +  H/0,^ 
I  solution    is  very  similar  in  appearance  to  ordinary  aqueous   HCl. 
will  unite  with  bromine  vapour  directly,  to  form  this  acid,  but  not 
n  rapidly  as  in  the  case  of  chlorine,  which  acts  by  mere  simtighl  (as 


Br,j      +     H5    =jHBr. 

2  vols.  +  2  vols.  =  4  vols. 
Q  of  bromine  vapour  thus  requires  one  gallon  of  hydrogen  to  form 
a  of  HUr. 

e  derived  by  the  displacement  of  hydrogen  from  hydrobromic 
t  »  basylous  radical  They  are  mostly  soluble  in  water,  except  the 
\  mcTCurous,  and  plumbic  salts. 

I,  itparatwH,  atid  tslirnathu  <•/  HBr  and  Dromidis,  sn  Aulhgri  Anttlyticil 
--    S3.  156,  a«Ji76,) 


:  BROMIDE     (SvM.  Ammonii  Bromidum).      Formula,  NH^Br. 
r  Weight,  98. 

jelimes  prepared  by  the  direct  combination  of  ammonium  hydrate  and 
comic  acid ;  but  more  commonly  by  mixing  solutioas  of  ferrous  bromide 
ffl*1!ff""  carbonate. 
■  latter  precipitates  ferrous  carbonate,  leaving  the  ammonium  bromide 

FeBr^-H  (NH^)XOs=  aNHjBr  +  FeCOj. 
I.ILP,  describes  it  as  being  in  colourless  aystals,  which  become  slightly 
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yellow  by  exposure  to  the  air,  and  have  a  pungent  saline  taste.  Ammonium 
bromide  may  be  sublimed  unchanged  by  the  application  of  heat  It  is  readily 
soluble  in  water,  and  less  soluble  in  spirit. 

{For  analysis  and  estimation,  see  Author's  Analytical  Chemistry, /a^tfx  88  and  156.) 

POTASSIUM  BROMIDE  (Syn.  Potassii  Bromidum),    Formula,  EBr.    Mole- 
cular Weight,  119. 

Prepared  by  dissolving  bromine  in  heated  solution  of  potassium  hydrate, 

thus  forming  a  mixture  of  potassium  bromide  and  bromate  : — 

6KH0  +  sBrg  =  sKBr  +  KBrOj  +  3H3O. 

The  solution  having  been  evaporated  to  dryness,  the  residue  is  heated  in  a 
crucible  with  a  little  charcoal,  to  change  the  bromate  into  bromide  : — 

KBrOg  +  C3  =  KBr  +  3CO. 

Potassium  bromide  is  usually  met  with  in  transparent,  cubical  crystals  with 
no  odour,  but  a  pungent  saline  taste  ;  readily  soluble  in  water,  less  soluble  in 
spirit. 

Potassium  bromide  is  fusible  by  heat,  and  may  be  volatilized  at  a  tempera- 
ture not  far  removed  from  that  necessary  to  vaporize  potassium  chloride. 
Like  sodium  chloride,  heat  causes  it  to  decrepitate. 

{For  analysis  and  impuritits,  see  AutJior's  Analytical  Chemistry,  page  87. ) 

ARGENTIC  BROMIDE  (Syn.  Bromide  of  Silver).    Formula,  AgBr.    Mole- 
cnlar  Weight,  188. 

The  dirty-white  precipitate  produced  by  argentic  nitrate,  in  a  solution 
containing  a  bromide.  Insoluble  in  dilute  nitric  acid,  but  slowly  soluble  in 
Ifqiwr  ammonicB,  Treated  with  free  chlorine  it  gives  up  its  bromine,  and 
becomes  argentic  chloride.  Digested  for  some  time  with  potassium  iodide  it 
becomes  argentic  iodide. 

FERROUS  BROMIDE  (Syn.  Bromide  of  Iron),     Formula,  FeBr^.  Molecnlar 
Weight,  216. 

May  be  produced  by  direct  combination  of  iron  wire  and  bromine,  in  the 
presence  of  water.     (See  Ferrous  Iodide.) 


COMPOUNDS  OF  BROMINE  WITH  OXYGEN. 

Only  two  of  these  compounds  are  known  (i)  Hypobromons  Acid.  HBrO. 
corresponding  to  hypochlorous  acid  {for  detection,  see  Author's  Analytical 
Chemistry, /a^^  51),  and  (2) : — 

HYDROGEN  BROMATE  (Syn.  Bromic  Acid),     Formida,  HBrOs. 

This  acid  may  be  obtained  by  acting  on  barium  bromate  with  very  dilute 
sulphuric  acid.  It  closely  resembles  chloric  acid,  and  forms  salts  called 
bromates,  produced,  as  already  seen,  along  with  the  corresponding  bromide  by 
the  action  of  alkalies  upon  bromine.  If  desired,  the  bromate  may  be  separated 
from  the  bromide  by  fractional  crystallization,  the  former  being  much  less 
soluble  in  water  than  the  latter. 

(Eor  deteetion  of  bromates,  see  Author's  Analytical  Chemistry,  page  52.) 
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IODINE. 

lODIHS.  Symbol,  I.  Atomic  Weight,  127.  Vaponr  Density,  referred  to 
Hydrogen^  127.  Vapour  Density,  referred  to  Air^  871  In  the  free 
state,  I3.    Molecular  Weight,  254.    Atomicity,  Monad. 

Exists  in  sea  water,  and  is  stored  up  in  the  substance  of  many  marine  plants 
and  animals.  Cod-liver  oil -contains  a  decided  percentage  of  iodine,  and  so 
do  sponges.  It  is  also  found  in  many  minerals,  notably  in  rock-salt,  and  in 
the  native  saltpetre  from  Chili.  In  practice,  it  is  chiefly  extracted  from  certain 
varieties  of  Algije^  the  most  highly  iodized  variety  being  the  Fucus  palmatus.  ■ 
The  seaweed  is  collected  on  the  shore,  dried,  and  placed  in  pits  surrounded 
by  a  low  wall  In  these  it  is  set  on  fire,  when  all  the  vegetable  matter  bums 
off,  and  the  ashes  are  found  at  the  bottom  as  a  fused  mass,  which  on  cooling 
sets  into  a  cake,  and  is  called  kelp. 

There  are  two  varieties  of  this  aish  ;  viz.,  drift  seaweed  kelp  and  cut  sea- 
weed kelp,  the  former  being  the  richer  in  iodine. 

The  kelp  is  first  digested  in  water  in  large  vats,  called  chests^  and  the  soluble 
parts  having  been  thus  extracted,  the  liquor  is  drawn  off  and  evaporated  in 
boilers.  During  this  evaporation,  sodium  sulphate  separates  ;  and  the  liquid, 
on  cooling,  also  deposits  crystals  of  potassium  chloride.  This  process  is 
repeated  until  no  more  crystals  can  be  obtained,  and  the  uncrystallizable 
mother-liquor  is  then  used  for  the  production  of  iodine.  It  is  called  the 
residual  kelp  liquor^  and  contains  the  iodine  as  sodium  iodide,  together  with 
carbonates  and  sulphides.  The  residual  liquor  is  first  neutralized  with 
sulphuric  acid,  which  causes  a  copious  evolution  of  gases  (CO.1,  H^S,  and 
SO2);  and  it  is  then  boiled  and  cooled,  when  some  more  sodium  sulphate  is 
deposited,  mixed  with  sulphur.  The  clear  liquor  is  now  run  off  into  a  still, 
and  having  been  mixed  with  excess  of  sulphuric  acid  and  manganic  dioxide, 
heat  is  applied,  when  the  iodine  distils  over  in  magnificent  violet-coloured 
vapours,  and  collects  in  the  receiver,  leaving  sodium  and  manganous  sulphates 
jHI|te|tort 

The  following  statement  relative  to  the  practical  results  of  this  importan 
industry  may  be  accepted  as  a  record  of  practical  experience. 


One 

Ton  of  Drift  Weed 

One 

Ton  of  Cirr  Weed 

Keli'  yields  : 

Kelp  yields  : 

nut.  /6s. 

cii't.  lbs. 

Iodine  .        .         . 

.       0       12       . 

0        2J 

Potassium  Chloride 

.     4     84     . 

.       3     56 

Potassium  Sulphate 

.        2       84       . 

.      3     56 

Fished  Salt* . 

.       2       84       . 

.       3     56 

Refuse  Sulphur 

.       0       28       . 

.      0     56 

This  process  with  manganese  and  sulphuric  acid,  yields  iodine  contaminated 
with  bromine,  should  that  element  be  present  in  the  kelp.  It  also  produces 
chlorine  from  any  of  the  chlorides  in  the  liquor. 

The  production  of  chlorine  is  often  apt  to  cause  a  loss  of  iodine  by  form- 
ing iodic  chloride,  ICI3.  It  is,  therefore,  desirable  to  have  a  process  by  which 
the  iodine  can  be  separated  from  both  these  elements.  This  is  attained  by 
precipitating  the  purified  residual  liquor  with  a  solution  containing    i   i)art 


*  Trade  name  fur  other  residual  mixed  saha. 


JJSO.V/.VE  AND  IODINE. 

cupric  sulphate  to  3-2$  parts  ferrous  sulphate,  when  the  iodine  is  precipltan 
as  cuprous  iodide,  leaving  tlie  bromides  and  chlorides  unaffected  : — 
zNal  +  iCuSO,  +  2FeS0^=  2CuI  +  NajSO,  +  Fe,3S0«. 
■  ^e  precipitated  pure  cuprous  iodide  is  then  collected,  washed,  and  distil 
Ijwith  manganic  dioxide  and  stiiphuric  acid,  when  perfectly  pure  iodineM 
%>btaincd.    After  this  separatioti,  bromine  may  be  obtained  from  tiie  filtrate  || 
"iery  rich  kelps. 

•  A  similar  process  has  been  recommended  in  analysis  for  delecting  r 
romide  in  presence  of  an  iodide,  but  it  is  not  sufficiently  delicate  for  that 
_  urpose.  Some  trace  of  iodine  invariably  remains  in  solution,  which,  io  the 
hands  of  the  tncxperienced,  is  forthwith  mistaken  for  bromine. 

Iodine  is  usually  met  with  in  laminar  crystals,  of  a  peculiar  odour,  block 
colour,  and  metalUc  lustre,  which  are  entirely  volatile  by  heat  to  a  putple 
vapour.  Its  specific  gravity  is  4"948,  and  the  density  of  its  vapour  is  &'jtX 
compared  with  air,  and  127  compared  with  hydrogen. 

It  is  only  soluble  in  water  to  the  extent  of  i  in  7000,     It  is  more  aolnl_ 
in  alcohol,  and  still  more  in  ether,  chloroform,  benzene,  and  carbon  disulpbid 
communicating  a  magnificent  violet  colour  to   these  four  last-named  flui" 
Its  best  ordtn-iry  solvent,  as  adopted   in  pharmacy,    is  a  strong  soluHoilfl 
potassium  iodide  ;  30  grains  of  which,  dissolved  in  an  ounce  of  water,  1 
take  up  ao  grains  of  iodine.     Its  vapour,  like  that  of  clilorlne,  is  very  irr\ 
""ag  i  but  if  not  m  large  quantities  it  may  be  inhaled  without  giving  rise  to  4 
i  effects.     The  melting  point  of  iodine  is  136"  F.,  and  it  volatilises  at  356'' 
it  colours  the  skin  brown,  or,  if  in  small  quantities,  yellow ;  but  the  stain  4 
e  instantly  removed  by  ammonium  hydrate.     Iodine  possesses  i 
relation  to  chlorine  and  bromine  in  all  its  compounds,  but  its  alHnilies  are 
much  more  feeble.     Free  chlorine  or  bromine  can  therefore  liberate  iodine 
from  all  its  combinations  with  basylous  radicals  by  substitution,  thus  : — 
jKI  +  Cl3  =  2KCl  +  Ij. 
zKI  +  Brj^aKBr  +  Ij. 
e  combinations  of  iodine  with  oxygen  and  similar  electro- negative  J 
,  on  the  other  hand,  more  stable  than  those  of  chlorine  and  bro« 
combines   directly   with  metals  to  form  iodides,   and  when   beatec 
presence  of  water  it  can  dissolve  gold     It  also  acts,  in  the  presence  of  wot 
as  an  indirect  oxidizer,  but  more  feebly  than  either  chlorine  or  bromine,    i 
its  solution  is  not  liable  to  rapid  decomposition  in  contact  with  air  -and  li{^ 
t  it  is  sometimes  used  in  analysis  in  preference  to  Uiesc  elements. 

ll    (F^r  delatioH  and  imptiritiis  e//rtt  Iodiiu>  ste  Aalhors  Analytical  Cluaaiat^, /jjw jl 


METALLIC 


IODIDES. 

Formula.,  HI. 


Holee 


HTDEOOEN   IODIDE  (Syn.  Hydrhdic  Add). 
Weight,  128. 

Like  hydrochloric  acid,  this  is  truly  a  gas,  very  soluble  in  water.     It  is  fl 
duced  in  solution  by  adding  an  acid,  such  as  sulphuric  acid,  to  pota 
iodide.     It  cannot,  however,  be  isolated  thus,  as  the  sulphuric  add  on  fa 
ing  decomposes  it  and  sets  free  iodine. 
Practically  it  is  prepared  in  solution, — 
I.  By  passing  sulphuretted  hydrogen  through  iodine  suspended  in  wati 
Land  filtenng  from  the  deposited  sulphur  ;—  ' 

2H2S+2l3  =  4HI  + 
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»■  Bf  the  action  of  water  upon  phosphorous  iodide : — 
Pl3  +  3H30  =  3HI  +  H,PO3, 

iiriodic  and  phosphorous  acids.  This  is  usiuilly  done  hf  packiog/l 
'  1  i  at  one  end  and  furnished  with  a  cork  and  delivery  tulie)  wilh  J 
'  i.Ts  of  iodine,  powdered  glass  moistened  with  water,  and  phos-  f 
ii;e  of  the  glass  being  simply  to  moderate  the  action. 

4KI  +  51,  +  P,  +  8H3O  =   I4HI  +  iKgHPO^. 

Strong  solution  of  liydriodic  acid  distilled  over  at  a  temperature  of  afic 
hasaspecilic  gravity  of  ry,  and  as  it  contains  57  per  cent,  real  HI,  has  the  1 
/brmob  (iHli  iHgO).  Lately  hydriodic  and  hydrobromic  acids  have  been  f 
prrpotcd  sufficiently  pure  for  pharmaceutical  purposes  by  simply  shaking  up  a  I 
strong  solution  of  potassium  iodide  with  the  slightest  possible  excess  of  tartaric  I 
acid : — 

KI  +  HjC^HiOj  =  HI  +  KHC^H^Oo, 
and  dlicring  out  the  precipitate  of  cream  of  tartar  which  forms,     lodida  are  I 
Bahs  which  have  iodine  for  their  acidulous  radical,  acting  as  a  monad.     In   ] 
twu  of  lis  combinations,  at  least,  namely  IClg  and  I(C3HgOa}3,  I  acts  as  a 
Diad ;  but  as  neither  of  these  compounds  is  of  pharmaceutical  imfMirtancc,  tls 
Uontcity  may  be  taken  as  monad.     Alkaline  iodides  are  soluble,  but  many  of 
those  of  heavy  metals  are  insoluble,  and  are  characterized  by  very  brilUant 
co)o«iTs.     Insoluble  iodides,  as  a  rule,  give  up  their  iodine  when  digested  wilh  , 
poUuBium  hydrate,  forming  {Kitassium  iodide. 

{Frr  ditectien.   stfantliait,  and  alimoHoH  af  ladilis,  tu  Aulhoi's    Anttlytieal  Chemlalry, 
'^o  53,  S3,  156, 176.  an.l  177.) 


AKMOHIDTt  IODIDE.    Formula,  KH,I.     Molecular  Weight,  145. 

Seldom  used  in  Pharmacy,  it  may  be  prepared  by  precipitating  ferrous  iodide  I 
witb  ammonium  carbonate.  It  is  very  deliquescent,  and  crystajhzes  in  cubes,  A 
Iodine  must  not  be  added  to  ammonium  hydrate,  for  the  reason  already  stated  I 
{ut  Zo4ide  of  Nitiogw)'  It  becomes  coloured  by  exposure  to  ijie  air  from  I 
the  tibctaiion  of  a  little  iodine ;  but  it  may  be  restored  to  its  original  whiteness  | 
by  a  trace  of  a  reducing  agent,  such  as  sulphuretted  hydrogen  or  sidphurous 
anliydrtde. 


SODITK  IODIDE.    Fotmula,  Nal.    Molecular  Weight,  150. 

Prepared  like  potassium  iodide,  using  sodium  instead  of  potnssium  hydrate,    j 
It  is  larcly  used  m  Pharmacy,  probably  on  account  of  its  unsightly  and  deliques- 
cent nature  -,  but  in  many  cases  Its  action  is  superior  to  that  of  potassium 
iodide,  and  it  is  employed  by  some  high  authorities  in  preference  to  that  salt, 
as  it  enerts  a  less  depressing  influence. 


POTASSIirM  IODIDE  (Svn.  Potasiii  Jodidum).      Formula,  KI,      Molecular 
Weight,  166. 
Prepared  by  dissolving  iodine  in  heated  solution  of  potassium   liydrate, 
whiclt  forms  potassium  iodide  and  lodaie  ; — 

6KH0  +  3lj  =  5KI  +  KIO3  +  3H,0; 
and  then  evaporating  to  dryness,  heating  the  residue  wilh  charcoal  in  a  cm 
able,  which  changes  the  iodace  mto  iodide,  with  evolution  of  carbonic  oxide  :— 
KI0a  +  Cs=KI  +  3C0. 
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Potassium  iodide  is  commonly  met  with  in  colourless,  generally  opaque 
cubic  crystals,  readily  soluble  in  water,  and  in  a  less  degree  in  spirit.  It 
usually  has  a  feebly  alkaline  reaction,  and  should  be  soluble  in  six  parts  of 
rectified  spirit  by  weight.  It  is  commonly  adulterated  with  chlorides,  carbon- 
ates, or  iodates.  The  explanation  of  the  test  for  iodate  with  tartaric  acid  and 
starch  paste  will  be  found  under  Potassium  Iodate. 

Potassium  iodide  is  fusible  by  heat,  and  at  a  very  high  temperature  it  vola- 
tihzes  unchanged.  It  is  decomposed  with  the  liberation  of  iodine  by  the  fol- 
lowing among  others : — 

Chlorine  water.  Nitrous  Acid. 

Bromine  Water.  Calx  and  Soda  Chlorata, 

Nitric  Acid.  Ammonium  Nitrate. 

Sulphuric  Acid  (concentrated).  Potassium  Ferricyanide. 

{For  analysis  atid  impurities ^  see  Author^ s  Analytical  Chemistry, /a^^ 86.) 

CADMIUM  IODIDE  (Syn.  Cadmii  lodidum),     Pormida,  Cdlg.     Molecular 
Weight,  366. 

Prepared  by  digesting  iodine  with  metallic  cadmium  in  the  presence  ot 
water : — 

Cd  +  Ig  =  Cdlg. 

The  B.P.  describes  it  as  follows : — 

In  flat  micaceous  crystals,  white,  of  a  pearly  lustre,  which  melt  when  heated 
to  about  600"^  F.,  forming  an  amber-coloured  fluid.  At  a  dull  red  heat,  violet- 
coloured  vapours  are  given  off  (iodine).  It  is  anhydrous  and  permanent  in 
the  air,  freely  soluble  in  water  and  in  rectified  spirit.  The  solution  reddens 
litmus  paper. 

(/vr  aftalysis  atid impurities ^  see  Author's  Azkalytical  Chemistry, /a^^  86. ) 

CUPROUS  IODIDE.    Formida,  Cul.    Molecular  Weight,  190*5. 

Produced  as  a  dirty-white  precipitate  on  mixing  solution  of  potassium  iodide 
with  a  solution  of  i  part  cupric  sulphate  and  2-5  parts  of  ferrous  sulphate. 
Neither  chlorides  nor  bromides  are  affected  by  this  reagent  (For  th€  equation 
see  Purification  of  Iodine.) 

Cuprous  iodide  may  also  be  formed  from  iodine  and  finely-divided  copper, 
by  heating  them  together  in  such  a  manner  that  the  iodine  vapour  may  pass 
over  the  metal  at  a  red  heat.  By  the  action  of  potassium  or  sodium  hydrate 
or  carbonate  upon  it,  cuprous  oxide  of  a  red  colour  is  formed. 

MERCUROUS    IODIDE    (Syn.    Hydrargyri    lodidum    Viride).      Pormida, 
HgJo  or  Hgl.    Molecular  Weight,  327. 

By  rubbing  together  mercur}'  and  iodine  in  proper  proportions,  in  the  pre- 
sence of  spirit,  and  drying  in  the  dark. 

Hg  +    I    =  Hgl,  or  more  correctly  Hgg  +  Ig  =  Hg2l2 
200  +  127  -327. 

Thus  prepared,  it  is  a  dark  green  powder,  insoluble  in  water,  which  darkens 
in  colour  upon  exposure  to  light. 

(For  attalysis  atid  impurities,  see  Author's  Analytical  Chemistry,  page  86. ) 

It  is  most  essential  that  the  slightest  excess  of  iodine  should  be  avoided,  as 
that  would  form  the  much  more  active  mercuric  iodide.  This  impurity  is  tested 
for  by  shaking  up  with  ether,  in  which  the  mercurous  iodide  is  insoluble, 
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while  the  mercuric  iodide  is  soluble.  The  pure  mercurous  iodide  should 
not  be  so  green  as  the  B.P.  preparation,  but  more  yellowish.  On  heating, 
it  splits  up  into  mercury  and  mercuric  iodide,  thus  : — 

2Hg3l2=2Hgl2  +  Hg2. 

The  same  decomposition  is  induced  by  simple  exposure  to  light ;  and  this 
causes  the  chief  objection  to  what  would  be  otherwise  a  very  excellent  pre- 
paration for  medicinal  purposes. 

Mercurous  iodide  may  also  be  produced  by  precipitating  mercurous  acetate 
with  potassium  iodide.  The  nitrate  is  apt  to  yield  an  impure  product. 
Besides  this  and  the  mercuric  iodide,  two  other  iodides  are  stated  to  exist 
(Hgjis  and  HglJ ;  but  they  do  not  appear  to  be  unquestionably  chemical 
compounds,  and  are  oino  importance  to  pharmacists, 

XEECUSIC  IODIDE  (Syn.  Hydrargyri  lodidum  Rubrum),     Pormnla,  HgL. 
Molecular  Weight,  454. 

Prepared  by  precipitating  a  solution  of  mercuric  chloride  with  potassium 
iodide,  carefully  avoiding  excess  : — 

HgCla  +  2KI  -  Hglj  +  2KCL 
271  +  332=  454 +  (149)- 
The  equation  shows  that,  to  produce  a  proper  effect,  the  ingredients  must 
be  in  the  proportion  of  10  of  mercuric  chloride  to  i2|  of  potassium  iodide, 
any  excess  of  either,  but  especially  of  the  latter,  causing  the  precipitate  to 
redissolve.  In  practice,  the  solutions  are  mixed  boiling  hot,  and  after  the 
whole  has  cooled,  the  precipitate  is  filtered  out,  washed  with  cold  water,  and 
dried  at  212®.  Thus  prepared,  it  is  a  crystalline  powder,  of  a  vermilion 
colour,  becoming  yellow  when  heated  over  a  lamp  on  a  sheet  of  paper  ;  almost 
insoluble  in  water ;  dissolves  sparingly  in  alcohol,  but  freely  in  ether  or  mer- 
curic chloride,  or  potassium  iodide.     It  is  not  soluble  in  boiling  water. 

{For  analysis  and  impuritUsy  see  Author  s  Analytical  Chemistiy,  /<7^v  87.) 

The  property  above  mentioned  of  its  turning  yellow  by  heat,  is  extremely 
interesting.  This  is  what  is  called  a  dimorphous  body,  />.,  it  can  crystallize 
in  two  forms.  In  the  ordinary  precipitated  condition  it  is  not  cr>-stalline  ;  it 
is  then  said  to  be  amorphous  (a,  without ;  v^^h>  shape).  When  heated  it 
becomes  yellow,  and  forms  rhombic  plates ;  if  it  be  then  touched  by  a  cold 
steel  knife,  it  will  again  become  red,  but  will  now  assume  the  diamond 
(octahedral)  form. 

When  chlorine  is  passed  through  mercuric  iodide  suspended  in  water, 
iodic  chloride  (ICI3)  and  mercuric  chloride  result,  the  solution  possessing  a 
yellow  colour. 

An  alkaline  solution  of  mercuric  iodide  in  potassium  iodide  is  used  for 
the  detection  and  estimation  of  minute  quantities  of  ammonia.  It  is  called 
He88ler*s  solution.  With  very  minute  traces  of  ammonia,  an  orange  colora- 
tion is  produced  on  adding  Nessler ;  but  if  any  decided  quantity  be  present, 
a  copious  reddish  precipitate  is  formed. 

FEBBOUS  IODIDE  (Svns.  Ferri  lodidum.    Iodide  of  Iron),     Formula,  Pel,. 
Molecular  Weight,  310. 

Prepared  by  the  direct  combination  of  iron  and  iodine  in  the  presence  ol 
water : — 

Fej-i-  213=  2Fel2. 

The  B.P.  directs  the  iodine,  iron,  and  water  to  be  put  into  a  flask,  and 


IODINE   WITH  OXYGEN,— lODATES,  77 

The  only  one  which  is  of  interest  to  us  is  : — 

HYBBOGEN  lODATE  (Syn.  Iodic  Add), 

Produced  by  the  action  of  strong  nitric  acid  and  other  oxidants  upon  iodine, 
but  more  practically  prepared  by  suspending  iodine  in  water  and  passing 
chlorine  until  complete  solution  is  effected. 

6H2O  +  5CI3  + 12  =  2HIO3  +  loHCl. 

The  solution  thus  obtained  is  saturated  with  sodium  carbonate,  and  the 
iodic  acid  is  precipitated  out  with  barium  chloride.  The  resulting  precipitate 
of  barium  iodate  is  then  filtered  out,  and  exactly  decomposed  with  dilute 
sulphuric  acid : — 

Ba2l03  +  H2SO4  =  2HIO3  4-  BaS04. 

The  iodic  acid  crystallizes  out  upon  evaporation,  as  a  hard  and  brilliant 
crystalline  mass;  it  forms  a  class  of  salts  called  iodates^  corresponding  to 
chlorates,  and  having  IO3  as  their  acidulous  radical.  They  are  decomposed 
into  iodides  and  oxygen  by  heat,  and  are  also  reduced  by  sulphurous  acid. 

{For  deUction  and  separation  of  lodcUes,  see  Author^  s  Analytical  Chemistry, /^t^vj  53  attd  ^) 


\ 


A8SIUM  IODATE.    Formula,  KIO3.    Iftolecular  Weight,  214. 

Prepared  by  fusing  potassium  iodide  with  an  oxidant,  or  more  simply  by 
mixing  potassium  chlorate  and  potassium  iodide  together,  and  digesting  in 
water  at  a  gentle  heat,  with  a  few  drops  of  nitric  acid  to  start  the  reaction, 
which  is  one  of  simple  displacement  of  chlorine  by  iodine  : — 

2KC103  +  l2=2KI03  +  C1.2. 

'^  -    It  will  be  remembered  that  the  general  rule  of  the  inability  of  iodine  to  dis- 
'-'  place  chlorine  only  holds  good  when  it  is  combined  with  electro-positive 
^    radicals,  not  with  oxygenated  or  electro-negative  radicals.     After  the  action 
the  solution  is  boiled  to  expel  chlorine,  and  evaporated  to  dryness.     When 
solution  of  potassium  iodate  is  added  to  sulphurous  acid,  iodine  is  liberated ; 
it  therefore  forms  the  B.P.  test  for  that  acid  : — 

5H2SO3  +  2KIO3  =  2KHSO4  +  3H2SO4  4-  HoO  +  lo. 

When  excess  of  tartaric  acid  is  added  to  potassium  iodate,  iodic  arid  is  set 
free ;  and  when  the  same  acid  is  added  to  j)otassium  iodide,  hydriodic  acid 
is  set  free,  and  potassium  hydro-tartrate  formed.     Thus  : — 

5KI  +  KIO3  +  GHjC^Hp^  =  5HI  +  HIO3  +  6KHQHPf,. 

If  these  acids  be  thus  liberated  together,  they  immediately  decompose,  fomi- 
ing  water  and  free  iodine  : — 

5HT  +  HI03  =  3l2  +  3HA 

If  therefore  starch  paste  and  tartaric  acid  be  added  to  pure  potassium  iodide, 
no  coloration  takes  place,  because  only  hydriodic  acid  is  liberated ;  but  if  the 
sample  contains  potassium  iodate,  an  immediate  production  of  free  iodine 
ensues,  which  turns  the  starch  blue. 

HTPO-IODOUS  ACID.    Formula,  HIO ;  and 
HYPO-IODITES. 

It  is  supposed  that  when  iodine  dissolves  in  an  alkali  a  hypo-iodite  is 
formed,  and  an  iodide,  as  in  the  case  of  chlorine  in  calx  chlorata;  and  that 
on  heating  it  is  decomposed  into  5  of  iodide  and  i  of  iodate. 
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PERIODIC  ACID.    Formula,  HIO4 ;  and 

FERIODATES. 

Are  prepared  by  further  oxidizing  sodium  iodate,  by  means  of  chlorine ;  •  or 
by  heating  barium  iodate  in  the  air. 

The  acid  is  obtained  from  the  barium  salt  by  double  decomposition  with 
dilute  sulphuric  acid. 

They  are  of  no  pharmaceutical  importance. 

Potassium  iodate  and  ferric  salts  (such  as.FegSSO^)  yield  a  precipitate  of 
ferric  oxy-iodate — (Fe2'^0)'''4l038H20,  which  when  heated  leaves  pure  FcgOj. 

{For  detection  of  Periodates^  see  Author* s  Analytical  Chemistry,  page  54. ) 


COMPOUNDS  OF  IODINE  WITH  CHLORINE. 

IODINE  MONO-CHLORIDE.    Formula,  ICl. 

Is  prepared  by  passing  chlorine  over  iodine  till  the  whole  is  just  liquefied^ 
or  by  distilling  iodine  with  potassium  chlorate  : — 

3KCIO3  + 12  =  ICl  +  KCl  +  KIO3  +  KCIO^  +  Og. 

It  is  a  reddish-brown  oily  liquid  with  a  suffocating  odour  and  soluble  in 
alcohol  and  ether.  By  spontaneous  decomposition  it  yields  iodine  tetra- 
chloride and  free  iodine  : — 

4ICI  =  ICI4  +  Is. 

IODINE  TRICHLORIDE.    Formula,  ICI3. 

By  passing  chlorine  in  excess  over  iodine  at  a  gentle  heat  It  is  in  orange- 
yellow  crystalline  needles,  melting  when  heated  gently.  In  contact  with 
excess  of  water  it  forms  hydrochloric  acid,  iodic  acid,  and  iodine. 

5ICI3  +  9H2O  =  1 5HCI  +  3HIO3  +  Ig. 


CHAPTER  VI. 

OXYGEN  AND  ITS  COMPOUNDS  WITH  SIMPLE 

BASYLOUS  RADICALS. 


OXTOEN.  Symbol,  0.  Atomic  Weight,  16.  Atomicity,  Dyad.  Density, 
referred  to  Hydrogen^  16.  Density,  referred  to  Air,  1106.  Weight  of  1 
litre,  at  o°  C,  760  wiw.,  r437  grammes,  16  grammes,  at  0°  C,  760 
mm,^  occnpy  11*2  litres, 

The  discovery  of  this  element  by  our  fellow-countryman,  Dr.  Priestley,  in 
1774,  its  almost  simultaneous  isolation  in  Sweden  by  Scheele,  and  its  subse- 
quent careful  study  by  Lavoisier,  served  to  raise  the  curtain  of  doubt  which 
had  previously  hung  over  the  true  science  of  Chemistry.  The  dream  of  the 
alchymist  was  ended,  and  the  reign  of  sound  inductive  reasoning  began. 
Although  by  the  modem  system  of  chemical  theories  it  has  been  deposed 
from  the  place  which  it  occupied  as  the  great  typical  element  and  basis  of  the 
dualistic  formulae,  it  yet  must  retain  its  pre-eminence  as  the  most  abundant 
and  widely-spread  element  in  nature.  Oxygen  is  not  only  found  in  a  state  of 
combination  with  ever}',  other  element  except  fluorine,  but  it  also  exists  free 
in  the  immense  atmosphere  by  which  the  earth  is  surrounded,  to  the  extent  of 
one-fifth  of  its  bulk.  It  is  the  active  agent  in  combustion,  and  it  is  by  means 
of  oxygen  that  organized  beings  breathe,  and  are  enabled  to  throw  off  the 
waste  carbon  from  their  tissues. 

In  a  word,  when  we  consider  that  the  solid  anst  of  the  globe  contains 
about  one-half,  and  all  the  water  on  its  surface  eight-ninths  of  its  weight  of 
oxygen,  the  importance  of  the  element  cannot  well  be  overrated. 

Oxygen  is  prepared, — 

I.  By  heating  some  metallic  oxides  and  peroxides ;  for  example. 

(a)  Mercuric  oxide,  heated,  forms  oxygen,  which  passes  off,  and  Mercury, 
whidi  sublimes  and  collects  on  the  cool  part  of  the  apparatus  : — 

2HgO  =  Hg2-H02. 

{JH)  Manganese  peroxide,  heated  to  bright  redness,  yields  oxygen  and  leaves 
manganoso-manganic  oxide : — 

3MnOo  =  MugO^  +  Oj. 
(f)  Bed  lead,  heated,  gives  off  oxygen  and  leaves  litharge  {plumbic  oxide) : — 

2Pb30^=6PbO  +  02. 

(</)  Barium  peroxide,  heated,  yields  oxygen  and  leaves  barium  oxide  : — 

2Ba03=2BaO  +  02. 

By  again  heating  the  BaO  in  contact  with  the  air  for  some  hours,  the  BaO^ 
is  reproduced,  and  thus  a  continuous  process  is  obtained.  The  same  remark 
also  applies  to  the  mercuric  oxide  and  red  lead  processes. 
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2.  By  heating  salts  rich  in  oxygen,  for  example  : — 

(a)  Potassium  chlorate  heated  evolves  oxygen  and  leaves  potassium  chlo- 
ride : — 

'       .2KC103  =  2KCl  +  303. 

The  action  really  takes  place  in  two  stages,  as  already  mentioned.  {^See 
Potassitun  Chlorate,  page  66.) 

(b)  Potassium  permanganate,  heated,  and  superheated  steam  passed  over  it, 
forms  oxygen  and  leaves  a  mixture  of  potassium  hydrate  and  manganic 
oxide  i^— 

KgMngOg  +  H3O  =  2KHO  +  MnjOj  +203. 

By  passing  a  cun;ent  of  air  over  the  residue  while  heated  to  dull  redness, 
the  original  permanganate  is  re-formed.  {This  is  Tcssie  du  Mothay's  continuous 
Process,) 

3.  By  heating  highly  oxidized  compounds  with  sulphuric  acid,  for  ex- 
ample : — 

(a)  Manganese  peroxide,  heated  with  sulphuric  acid,  forms  manganous  sul- 
phate and  oxygen  : — 

2Mn02+  2H2S04=  2MnS04+  2H3O  +  Og. 

(b)  Potassiiun  dichromate,  heated  with  sulphuric  acid,  forms  potassium  and 
chromic  sulphates  and  gives  off  oxygen  : — 

2K2Cr207  +  8H2SO4  =  2K2SO4  +  2^2380^  +  8H3O  +  3O2. 

{/)  Potassium  permanganate,  heated  with  sulphuric  acid,  forms  potassium 
and  manganous  sulphates,  and  evolves  oxygen  : — 

2K2Mn208  +  6H2SO4  =  2K3SO^  +  4MnS04  +  6H2O  +  sOg. 

(d)  Plnmhic  peroxide,  heated  with  sulphuric  acid,  forms  plumbic  sulphate 
and  gives  off  oxygen  : — 

2Pb03  +  2H2SO4  =  2PbS0^  +  2H2O  +  O3. 

In  addition  to  these  general  methods,  oxygen  can  also  be  produced  by 
several  other  special  means,  such  as  : — 

(a)  The  electrolysis  of  water,  during  which  oxygen  is  evolved  at  the  positive 
electrode  (or  pole). 

{b)  By  dropping  sulphuric  acid  into  a  red-hot  platinum  retort,  when  it  de- 
composes into  sulphurous  anhydride  and  oxygen,  and  the  former  may  be 
removed  by  passing  the  mixed  gases  over  lime  or  through  an  alkaline  solu- 
tion : — 

2H2SO4  =  2SO2  +  2H2O  +  O3. 

{c)  By  passing  chlorine  and  steam  through  a  red-hot  tube  :— 

2Cl2  +  2H20  =  4HCl  +  02. 

The  HCl  may  be  removed  by  passing  the  gases  into  a  cooled  vessel  con- 
taining water. 

{d)  By  the  action  of  the  leaves  of  plants  under  the  influence  of  direct  sun- 
light, which  decompose  the  carbonic  anhydride  of  the  air,  assimilating  the 
carbon  and  rejecting  the  oxygen. 

Oxygen  is  a  colourless,  inodorous,  and  tasteless  gas,  which  may  be  liquefied 
by  a  pressure  of  500  atmospheres  in  a  tube  surrounded  by  solid  carbonic 
anhydride  giving  a  temperature  of  -  220°  Fahr.  On  attaining  this  pressure  the 
gauge  suddenly  falls  to  320  atmospheres  and  remains  stationary  at  that  point ; 
and  when,  by  opening  a  stop-cock,  the  pressure  is  suddenly  released,  the 
oxygen  appears  as  a  jet  of  liquid.  It  is  very  slightly  soluble  in  water,  one 
hundred  volumes  of  which  are  only  capable  of  dissolving  two  and  a  half  to 
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three  volumes  of  the  gas.  All  combustible  bodies  burn  with  greatly  incr 
brilliiac]'  when  plunged  into  oxygen ;  and  this  fact  inay  be  splendidly 
tinted  tiy  burning  a  piece  of  phosphorus  under  a  bell  jar  filled  with  the 
The  Hottest  known  flame  is  produced  by  causing  hydrogen  and  oxygen  to  n 
in  the  proportions  necessary  to  form  water,  and  burning  t)ie  mixed  gases  nt  J 
iUntable  jet  This  arrangement  is  known  as  the  vxyhydragm  Idotupipe.  It  C 
otpable  or  melting  platinum,  and  when  tirged  upon  a  cylinder  of  quicklime  1 
iirodiiccfi  the  very  intense  effect  know  as  tlie  /ime-IigAt.  Many  metals,  notabf 
iron  and  antimony,  when  introduced  in  the  stale  of  powder  into  a  jar  i 
OXf^KB,  bum  with  brilliant  scintillations.  I 

The  best  practical  method  of  preparing  oxygen  is  to  pound  some  potassitg 
chlorate  and  dry  it  carefully  at  aia*.     Then  dry  some  powdered  mangar' 
peroxide  carefully  seeking  fbr  and  removing  any  fragments  of  wood  or  olh 
r%rK:iiiir  nutter,  which  are  often  found  accidentally  mixed  with  the  pcroxidj 
■  nv'ders  are  then  mixed  by  hand  in  the  proportion  of  |  of  the  chlS 
o(  the  peroxide  and  the  mixture  is  placed  in  a  small  sheet'itOB  J 
icted  with  a  washing- bottle  containing  dilute  solution  of  sodiuinj 
Heat  is  then  gradually  and  cautiously  applied,  withdrawing  the  g 
Liriii-  It"  the  evolution  becomes  too  violent.     The  manganic  peroxide  is  a 
decomposed,  but  only  acts  by  catalysis  to  aid  the  oxygen  lo  come  off  &tl 
Itnrer  temperature  and  more  regularly  than  when  pure  chlorate  is  used.     (ST 
Chap.  II.  page  lo.) 


OZOHS.    Symbol,  0,. 

This  particular  modification  of  oxygen  was  discovered  by  Schonbeio, ) 
derives  its  name  from  the  peculiar  smell  which  it  emits  ('^',  to  smell).     It  i 

C luted  whenever  a  series  of  electric  discharges  takes  place  in  the  i 
e  authorities  consider  that  ordinary  free  oxygen,  which  is  comparativd 
inaxoive,  results  from  the  union  of  two  active  mod ili cations,  osone  and  t 
flione.  1'he  nascent  oxygen  which  is  produced  when  permanganates  or  die) 
auto  act  as  oxidizers,  is  viewed  as  being  OKOnic  in  it<s  nature ;  while  the  exn 
atom  of  oxygen  in  peroxides,  such  as  hydric,  plumbic,  and  baric,  is  consider 
lo  be  antoMnic.  '  This  theory  receives  couniepancc  from  the  fact  that  f 
oxygen  may  be  produced  from  a  mixture  of  potassium  permanganate  i 
hytlric  peroxide. 

O/onc  acts  most  violently  as  an  oxidizer,  and  its  presence  in  the  air  j 
asteruidod  by  its  power  of  liberating  iodine  from  potassium  iodide, 
ttjinitig  to  a  brown  colour  slips  of  white  paper  prepared  with  a  solution  ( 
thai  vilt. 

The  amount  is  estimated  by  the  depth  of  colour.  The  slips  are  exposed  M 
a  bos  perforated  with  holes  to  admit  air,  and  placed  on  the  loof  of  a 
vstor>-  or  other  building  where  the  process  is  carried  on.  When  there  t 
piitmds  for  suspecting  that  the  aii  may  contain  traces  of  nitric  ur  nitrous  ai 
which  would  also  liberate  iodine,  turmeric  or  red  litmus  paper  prepared  witlt^ 
potis^ium  iodide  is  substituted.  The  potassium  hydrate  produced  by  the! 
action  of  iiiuisiurc  aiid  oionc  upon  the  iodide,  turns  the  turmeric  brown  or  the  m 
litmus  blue.  The  presence  of  acid  in  the  air  lessens  the  delicacy  of  the  testj 
by  tteutraluing  the  liberated  alkali,  but  cannot  lead  us  to  believe  that  ozone  | 
i«  present  when  it  is  really  not. 

For  the  purpose  of  comiiarison,  a  piece  of  neutral  litmus  paper  must  be 
exposed  by  the  side  of  that  moistened  witli  [Wtas&ium  iodide,  to  indicate  the 
error  dne  to  ammonia  gas. 
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HYDRATES  AND  OXIDES. 

Oxygen  combines  both  with  metalloids  and  metals.  With  the  former  it 
produces  oxides,  usually  strongly  electro-negative  in  their  properties ;  while 
with  the  latter,  its  compounds  exhibit  as  a  rule  equally  well-marked  electro- 
positive tendencies.  Some  of  the  oxides  of  metalloids  are  neutral;  but  the 
great  bulk  of  them  are  capable  of  becoming  true  acids  by  uniting  with  the 
elements  of  water.  They  are  called  anhydrides,  because  they  are  viewed  as 
being  acids  minus  watery  and  were  formerly  known  as  anhydrous  acids.  The 
compounds  of  oxygen  with  metals  or  compound  basylous  radicals,  are  called 
simply  oxides  and  they  also  possess  the  power  of  taking  up  the  elements  of 
water,  forming  hydrates.  Like  the  anhydrides  of  metalloids,  the  oxides  of 
the  metals  may  be  viewed  as  the  hydrates  minus  water.  A  glance  at  the 
following  equations  will  show  this  relationship  : — 

CI2O         ^         H^O         =         2HCIO 
Hypochlorous  Anhydride.  Hypochlorous  Acid 

KgO         +         HjO         =         2KHO 
Potassium  Oxide.  Potassium  Hydrate 

(S02)0  +         HgO         =         H2SO4 

Sulphuric  Anhydride.  Sulphuric  Acid. 

CaO  +         H3O         =         Ca2H0 

Calcium  Oxide.  Calcium  Hydrate. 

The  acids  and  the  hydrates  thus  produced  from  their  respective  anhydrides 
or  oxides,  being  in  opposite  states  of  electrical  force,  neutralize  each  other, 
and  form  salts  'with  the  elimination  of  water  : — 

2KHO  -H  2HCIO  =  2KCIO  +  2H2O. 
Ca2H0  +  H3S04=  CaSO^  +  2H3O. 

The  anhydrides,  together  with  their  corresponding  acids  and  the  salts  they 
produce,  being  treated  of  under  their  respective  metalloids,  it  only  remains 
for  us  to  consider  at  this  point  the  hydrates  and  oxides  of  simple  basylous 
radicals  (metals).     These  compounds  may  be  classified  as  follows  : — 

1.  Hydrates,  are  salts  derived  from  water  by  the  displacement  of  one  atom 
of  hydrogen  by  a  basylous  radical.  They  have  hydroxy  1  (HO)  for  their 
acidulous  radical,  acting  as  a  monad.  The  hydrates  of  the  alkalies  are  freely 
soluble  in  water;  those  of  calcium,  magnesium,  strontium,  and  barium  are 
slightly  so ;  but  all  other  metallic  hydrates  are  insoluble.  Soluble  hydrates 
are  all  strongly  alkaline. 

2.  Simple  Oxides,  which  are  compounds  of  the  metal  and  oxygen  in  proper 
proportion,  according  to  their  mutual  atomicity,  such  as  KgO,  CaO,  PbO,  or 
CuO.  They  are  strongly  basic  in  character,  and  possess  the  power  of 
neutralizing  acids  to  form  salts  with  the  elimination  of  water  : — 

CuO  +  H2SO4  =  CUSO4  +  H3O. 

3.  Peroxides,  in  which  an  atom  of  oxygen  exists  in  excess  of  the  amount 
found  in  the  simple  oxide.  This  extra  atom  of  oxygen  is  very  loosely  com- 
bined, and  the  peroxides  cannot  form  salts  until  it  is  removed.  They  are 
usually  considered  as  being  derived  from  hydric  peroxide  as  the  commence- 
ment of  th'e  series.     Thus  : — 

H3O3 Hydric  Peroxide. 

Ba03 Baric  Peroxide. 

MnOs Manganic  Peroxide. ' 

PbOg Plumbic  Peroxide. 


SESQVIOXIDKS.— OXIDES.-  »'A  TEH. 

Their  conslitution  is  graphically  represented  as  follows  : — 


Hj'dric  Peroxide.  Baric  Peroxide. 

4,  S«eqiiiaxideB.  These  are  compounds  intermediate  between  oxides  & 
peroxides,  in  which  the  oxygen  is  imiied  with  two  atoms  or  a  metal  which  3 
■to  self-saturated  in  ilieir  atomicity  as  to  form  together  a  hexad  radical.  Iro 
which  is  truly  a  letrad,  may  combine  with  another  niom  of  itself  to  produc 
the  hexad  radical  Ft;,,  of  whicli  the  oxide  would  be  PcjOj  thus : — 


Fe" -Fe" 


The  tnetils  caiiable  of  behaving  in  this  way  are  iron,  aluminium,  chromiuid 
and  manganese ;  and  the  oxides  so  produced  are  feeble  bases,  their  salts  bein 
readily  decomirosed.  *  1 

Oxides  are  detected  by  their  negative  characters.  All  those  with  whir'al 
pharmacist  commonly  meets  are  insoluble  in  water,  except  calcium,  bariuf 
and  strontium  oxides.  They  are  all  soluble  in  dilute  nitric  acid  witho? 
odour  or  eficrvcaccnce,  and  on  the  removal  of  their  metal  by  either  sulphi 
retted  hydrogen,  ammonium  sulphide,  or  ammonium  carbonate,  a  fillrale  \ 
obtained,  which  on  evaporation  to  dryness  and  siibseijuenl  heating  leaves  I 
fixed  residue. 

HTDEOGEN  OXIDE  (SvN.   iVaUr).    PoraQU,H,0.    Molecular  Weight, !!_ 
This  all-important  body  is  known  in  ihrco  states  : — 
(t)  In  the  gaseous  form,  as  steam;  (3)  In  the  duid  state,  as  water;  (3)  I 
the  solid  condition,  as  ice.     Water  contracts  by  cold  and  expands  by  hof 
bnt  its  contraction  ceases  at  35'a°  F-  (4"  C),  and  when  cooled  below  l" 
tonpcmture  it  expands.     Thus  it  follows  that  water  is  heaviest  at  391° 
and  it  is  by  this  beautiful  provision   of  nature,  that  during  frost  the  whtd 
iratLt  in  the  world  is  prevented  from  flying  into  a  solid  mass  of  ice.     Let  a 
suppo^-  ihai  we  have  3  lake  with  the  air  above  it  at  a  sharp  frost.     The  waUj 
on  the  -iurface  is  cooled,  and  getting  heavier  it  sinks ;  and  this  action  goes  OM 
tmri!  th^  whole  body  of  water  is  nearly  brought  to  392°  F.     When  the  surfaof™ 
'    1   below  that  temperature,  the  surface  water  ceases  to  sink,  and  r_ 
'    intn  a  sheet  of  ice,  while  the  water  below  remains  comparativehp 
iroteclcd.    Water  is  converted  into  ire  at  ji^F.  (o°C.),  and  it  b 
-    Meam)   at    nt"  Y.  (ioo''C.)  under  ordinary  conditions.     On 
ten-.')-,  il  of  the  pressure  of  the  air,  it  boils  at  a  much  lower  temperature;  aadl 
tC  on  tiic  other  hand,  an  increased  pressure  be  exercised,  the  boiling  pointl 
rises  in  proportion.    Scientifically,  the  boiling  point  should  be  thus  defined;  J 
H'.jl,-f  f>,>/Vs  whrn  the  Itnswn  of  its  Wipnur  ti/itals  the  prasurt  of  the  mptri 
::"iotphere. 

i  iVrt/  f«i*U    mfftling  fvSiti^    and   fritning  art   Iratttd  ef  in    Ihf   ifuTiU^d 

r^iemiitry./ui-fx  J,  6.  and  ^.\ 

I  ti--  <  iimposilion  of  nraler  c«n  lie  proved  : — 

I.  tly  Analydis.     When  steam   is  parsed  over  red-hot  iron,  ferroso-foiiel 

oxide  and  hydrogen  arc  formed  : —  ^-    g 

jFc,  +  8H,0  =  aFcjO,  +  8H,. 
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2.  By  Synthesis.  When  two  parts  by  voluine  of  hydrogen  and  one  part 
of  oxygen  are  mixed  together,  and  a  light  applied,  an  amount  of  water  is 
produced,  which,  if  retained  in  the  state  of  steam,  would  occupy  two  parts  by 
volume : — 

2H2      +     O2         =     2H2O. 

4  vols.    +    2  vols.       =       4  vols. 

3.  By  Electrolysis.  On  submerging  the  wires  01  a  galvanic  battery  tipped 
with  platinum  plates  in  water,  hydrogen  gas  is  evolved  at  the  negative  pole 
(or  tip  wire  from  the  zinc  plate),  and  oxygen  at  the  positive  pole. 

{See  Autkai^s  Analytical  Chemistry, /a^^  22  emd  23.) 

If  these  gases  be  collected,  the  hydrogen  produced^ill  be  found  to  occupy 
titnce  the  volume  of  the  oxygen.  If  both  quantities  of  gas  be  weighed,  they  will 
be  found  to  be  in  the  relation  of  i  and  8  (  =  2  and  16);  and  thus  the  formula 
of  water  is  proved  to  be  HgO. 

Water  being  the  most  universal  solvent  known,  it  therefore  follows  that  all 
ordinary  water  holds  impurities  in  solution.  Natural  waters  may  be  classed 
as  follows : — 

1.  Rain  water,  the  purest  form,  which  as  a  rule,  however,  contains  traces 
of  chlorides,  ammonia,  nitrates,  etc. 

2.  Spring  and  well  waters,  which  are  waters  rising  from  the  earth,  and 
consequently  containing  a  large  proportion  of  carbonates,  chlorides,  sulphates, 
and  other  salts,  dissolved  from  the  strata  through  which  the  water  has  passed. 

3.  River  water,  which  is  a  mixture  of  spring  and  rain  water,  usually  con- 
taining less  mineral  constituents  than  the  last-described  variety ;  but  almost 
invariably  contaminated  with  organic  matter  derived  from  various  sources. 

4.  Sea  water,  which  is  loaded  with  sodium,  magnesium,  and  other  chlorides, 
and  is  called  salt  water. 

The  only  way  to  obtain  chemically  pure  water  is  by  distillation.  This  is 
the  aqua  distil  lata  y  B.P. 

HYDRIC  PEROXIDE  (Syns.  Free  HydroxyL    Oxygenated  iVater),   Formula, 
RjOg.     Molecular  Weight,  34. 

Is  prepared  by  the  action  of  hydrocUoric  acid  on  barium  peroxide : — 

BaOg  +  2HCI  =  H^Ojj  +  BaCU 

The  barium  is  removed  by  careful  precipitation  with  dilute  sulphuric  acid  (as 
barium  sulphate),  and  the  chlorine  by  a  similar  careful  precipitation  with 
argentic  sulpHate  (as  argentic  chloride),  and  the  excess  of  the  sulphuric  add 
having  been  neutralized  by  barium  carbonate,  the  whole  is  filtered,  and  the 
dilute  solution  of  hydric  peroxide  thus  o,btained  is  concentrated  by  evapora- 
tion over  sulphuric  acid  under  the  air-pump.  A  more  simple  process  is  to 
pass  carbonic  anhydride  through  barium  p>eroxide  suspended  in  water,  thus : — 

BaOg  +  CO2  4-  HgO  =  HjOg  +  BaCOg. 

The  majority  of  the  metals  form  compounds  analogous  to  hydroxyl,  the  most 
important  of  which  are  antimonyl,  SbO  (which  exists  in  tartar-emetic),  and 
bismuthyl,  BiO  (which  forms  the  rsidical  of  Ifismut/ii  sul^nitras,  B.P.).  Hydric 
peroxide  is  a  clear  liquid,  which  neither  freezes  nor  evaporates  so  readily  as 
water.  It  is  miscible  with  ether  in  certain  proportions;  the  ozonited ether, 
as  usually  sold,  being  a  solution  in  ether  of  a  strength  of  10  per  cent.  It  is 
a  powerful  bleacher  and  disinfectant,  and  is  also  an  active  oxidizer.  Some 
investigators  have  put  forward  the  theory  that  the  oxygen  contained  in  hydric 
peroxide  is  in  an  antagonistic  condition  to  that  existing  in  the  super-oxygen- 


Bfivttivcs  of  chromium  and  manganese,  and  thus  that  oxygen  hu  three 
These,  they  suppose,  are,  ist,  the  ordinary  or  coraparalivcly 
;  and,  the  ne^^aiive  (in  the  permanganates,  etc.)  ;  and  3rd,  ihc paiititt    ' 
Iric  peroxide,  Iwric  peroxide,  etc.)-     One  of  the  bases  upon  wmch  the 
fcdqiends  is,  that  on  adding  a  solution  of  hydric  peroxide  to  chromateSi 
^gUUUcs,  or  permanganates,  in  solution,  an  abundant  evolution  of  oxygen 
kplace.     This  is  explained  by  supposing  that  the  negative  or  ozonic   , 
1  neutndi^es  the  positive  or  antozonic.      On  thii  theucy  duoniatcs, 
I.  or  permanganates,  are  termed  etvnides. 


:  KTDEATE  (Svn.  Lithium  Hydroxide). 
lecular  Weight,  24. 


Fommla,  LiHO.    Xo- 

prepated  by  the  action  of  buintn  hydrate  upon  lithitim  anlplttU, 

IJjSO,  +  Ba2HO  =  iLiHO  +  BaSO„ 
Ie  Slhium  hydrate  remains  in  solution,  and  crystallizes  out  upon  cvapora- 
^  It  is  much  less  soluble  than  potassium  hydrate. 

[  OXIDE  (Svn.  Ulhia).    Formula,  LLO.    Xolecolar  Weight,  3a 
n  hydrate  is  heated  strongly,  water  is  driven  off,  and  this  oxide 

aIJHO  =  lJsO  +  H,0. 
■  a  while  alkaline  substance,  conununicating  a  scarlet  or  rose<olourcd 


I 


I  HTDRATE  CSyss.  Liqvor  Ammonia  Fortior.  Spirit  of  HarU- 
.  SpiriiMi  I'olaluii  Comu  Cervi.  Ammenxum  HydrMide).  tvt- 
L,  IIB,HO.    Kolecolar  Weight,  3&. 

y  called  the  roiaiiU  alkali.     It  is  prepared  by  generxltng  ammonia 
B  eUortde  by  caldsai  hy^ate : — 
*NH»a  +  CaiHO  =  iNH,  +  CaO.  +  aHjO ; 
■  passing  lliis  gas  into  water  : — 

iSH,*iHjO-  zSH.HO. 
a  gas  (NHj)  not  only  displaces  the  hyilrogen  oT  the  waler,  but 
I  with  the  atom  of  fayirogen  so  displaced,  and  fortiK  the  inetaJlic 
■iMWinni  (NM,),  which  unites  with  the  hydroayl  radtcal  to  form  a 
e(NH,HOf      {Stekm^KM,) 

~  c  the  gas  it  generated  is  an  iron  bottle  placed  in  z  cand  bath 
i  firei  with  two  empty  WooUTs  botllet  and  then  with  a  mairaai 
_     Iter,  aad  beat  u  applied  tilt  gis  ceases  to  posa.     Doring  ibe 
p.s  colowcd  and  impitre  liquid  coRects  in  the  two  empty  bottles ;  and 
""'     "" '   '  to  water  a  liirther  qnantity  of  pore  hpur  b  obtained. 

v  omatMia  forii^  is  a  coloutlesB  tvpid,  with  a  chanctcria- 
_    N  odoar,  and  a  stnx^y  aJkalTne  reaction.    Specific  gnivity, 
.   Oiie  Ibid  drachm  coaCaini  15-83  gnint  of  ammonia  (NHJ  at  31-5 
When  boiled  far  a  time  and  the  Ion  of  water  made  op,  all  iJw 
a  off  sad  leaves  pyre  water.    Tbis  alio  occss  sfawly  bf 


I 


b  baa  a  apedfic  pxvi^  of  -957,  tboagfc 
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the  B.P.  says  '959.  Each  hundred  measures  of  a  mixture  composed  of  two 
measures  of  water  and  one  of  liquor  ammonice  fortior^  after  mixture,  expands 
half  a  measure.  That  is,  if  we  mix  one  volume  of  the  solution  having  '891 
specific  gravity,  and  two  volumes  of  water,  the  specific  gravity  of  the  nlixture 
will  be  '957  instead  of  '964  as  it  would  be  if  no  expansion  took  place. 

(For  analysis  y  impurities^  and  estimation  of  Liquor  Ammonia^  see  Authors  Asalytieal 
Chemistry,  pages  88  and  154.) 

SODIUM  HYDRATE  (Syns.    Soda  Caustica,  B.P,    Soda.    Sodium  Hydroxide. 
Hydrated  Soda).    Formula,  NaHO.    Molecular  Weight,  40. 

Is  first  prepared  in  the  form  of  liquor  soda  by  boiling  solution  of  sodium 
carbonate  and  calcium  hydrate,  and  then  that  liquid  evaporated  yields  solid 
NaHO,  called  soda  caustica : — 

NagCOg  +  Ca2H0  =  2NaH0  +  CaCOj. 

In  practice  28  ounces  of  sodium  carbonate  are  heated  with  a  gallon  of 
distilled  water  in  a  clean  iron  pot,  and  when  it  boils  1 2  ounces  of  slaked  lime 
are  stirred  in.  Ebullition  is  continued  for  10  minutes  and  the  whole  is  closely 
covered,  allowed  to  settle,  and  the  clear  liquor  drawn  off  with  a  siphon.  The 
solution  thus  obtained  is  colourless  and  strongly  alkaline.  It  feels  soapy 
between  the  fingers  and  neutralizes  acids  without  effervescence.  It  has  a 
specific  gravity  of  1*047  ^^^  contains  i8'8  grains  of  NaHO  in  each  fluid 
ounce.  , 

{For  analysis  and  impurities ^  see  AutJior^s  Analytical  CliemiBtry,  page  88.) 

The  solid  sodium  hydrate  obtained  by  the  evaporation  of  the  liquid  above 
described  is  in  hard  greyish-white  masses,  very  alkaline  and  corrosive,  and 
readily  fusible  by  heat.  * 

Sodium  hydrate  is  less  readily  volatilized  than  potassium  hydrate.  Com- 
bined with  7  molecules  of  water  it  forms  colourless,  clear  crystals.  When  an 
alkaline  salt  is  required,  the  acidulous  radical  of  which  is  alone  valuable,  the 
sodium  compound  is  prepared,  as,  in  consequence  of  its  smaller  atomic 
weight,  a  less  amount  of  it  will  be  required  than  of  the  corresponding  potas- 
sium salt. 

POTASSIUM  HYDRATE  (Syns.  Poiassa  Caustica,  B,P,    Hydrated  Oxide  of 
Potash.  Potassium  Hydroxide).  Formula,  KkO.  Molecular  Weight,  56. 

Prepared  in  absolute  purity  by  burning  potassium  on  distilled  water,  and 
evaporating  the  solution  in  a  silver  dish  : — 

K2  -h  2H2O    =     2KHO  +  Hg. 

According  to  the  B.P.,  it  is  first  prepared  in  solution,  as  liquor potassa 
by  boiling  a  solution  of  potassium  carbonate  with  calcium  hydrate : — 

K2C03  +  Ca2HO  =  2KHO-hCaC08. 

The  process  is  exactly  similar  in  detail  to  that  already  described  for  liquof 
sodcR. 

Liquor  potasscB  is  also  similar  in  appearance  and  properties  to  liquor  soda  ; 
but  its  specific  gravity  is  i"058  and  it  contains  27  grains  solid  KHO  per  fluid 
ounce. 
{For  afialysist  impurities^  and  estimation ^  see  Author  s  AjLaljiiC9X  Chemistry ^  pagrs  89  and  154. ) 

A  purer  liquor  than  that  of  the  B.P.  may  be  made  by  avoiding  the  use  ot 
heat  and  letting  the  ingredients  react  slowly  in  a  stoppered  bottle.  It  is 
worthy  of  note,  that  the  solution  of  potassium  carbonate  should  be  no 
stronger  than  directed,  seeing  that  with  a  very  concentrated  solution  no 


action  would  ensue  ;  or,  if  it  did,  it  would  be  at  once  reversed,  nnd  naid« 

abortive,  because  it  has  been  found  Uiat  calcium  c^bonatc  can  be  coava 

back  to  the  bydnite  by  strong  boiling  potassium  hydrate,  thus  : — 

CaCOg  +  3KH0  -  KjCOj  +  CaaHO. 

From  liquor  polassa:  the  solid  hydrate  is  prepared  by  simple  evaporation,  j 

It  is  called  potana  caustka,  and  is  in  hard  white  lum|«s  or  pencils,  V« 

dcUquescenI  and  powerfully  alkaline  and  corrosive.  j 

Pota^siam  hydiate  in  solution  possesses  the  power  of  dissolving  aluminiiq 

oxide  ;  and  as  that  substance  is  present  in  the  calcium  hydrate  used  to  n 

fji.iuru  ili!^  Iii/uor,  it  follows  that  nearly  all  ordinary  samples  contain  alumii: 

i'c  reinoved  by  dissolving  in  alcohol,  in  which  potassium  hydrate  fi 

■  iile  aluminium  hydrate  and  potassium  carbonates  are  insoluble. 
r,>lasia,  when   kei)l  in  ordinary  flint  glass  bottles,  attacks  ihd 

!  'lissolves  out  silica  and  lead,  The  former  makes  it  unlit  for  un 
,  jnd  the  latter  is  dangerous,  and  may  be  detected  by  blackenii^ 
netted  hydrogen.     The  bottles  best  adapted  for  holding  sol udoS 

■  111])  hydrate  are  those  which  do  not  contain  lead  in  tlicir  cor 
jHi^jiiuu.  being  made  of  superior  glass,  or,  failing  them,  ordinary  green  gla 
bottles.     These  same  remarits  apply  to  liquor  tcda. 


SODXITH  and  POTASSIUX  OXIDES. 

The  foltuwiny  arc  the  series  of  oxides  formed  by  these  metals.  They  a 
diirR-ah  to  isoi-iti-,  and  are  not  bkcly  to  be  met  witli  by  the  pharmacist,  wW 
deals  only  with  the  hydrates. 

The  protoxides  arc  prepared  by  healing  a  molecular  weight  of  the  hydr 
frith  an  atomic  weight  of  the  metal 


2KH0  +  K,-aK,0  +  H^ 

Protoxides    . 

Dioxides 

Peroxides 

.     Na^O. 
.     NajOj. 
.     None'  discovered  . 

ABOEimC  OXIDE  (Sv\.  Ar^ati  Oxidum,  B.P.).     Formula,  Ag,0.     Ho*! 
lecolar  Weight,  232. 

Prepared  by  the  action  of  calcium  hydiate  on  argentic  nitrate  ;- 
iAgNOj  +  CaiHO  =  AgjO  +  Ca2NO,,  +  HA 

The  argentic  nitrate  is  to  be  dissolved  in  water  and  the  solution  havid; 
beat  pouted  into  an  excess  of  limewatcr,  the  precipitate  is  collected  i 
dried  al  iii"  F.  and  the  resulting  oxide  preserved  in  a  stoppered  botUe. 

Afgcnlic  oxide  ts  an  ohvc-browii  powder,  which  at  a  low  red  heat  gives  a 
oxygen,  :ini)  is  reduced  to  the  metallic  slate.      It  is  insoluble  in  water  bi]d 
cJiMolvti  completely  in  nitric  acid,  without  the  evolution  of  .iny  gas,  forming 
a  solution  which  has  the  charactei^  of  argentic  nitrate. 

{{■■•I  OHoiyni  am/  imfurtJi/i,  la  AtUkiri  AUlftiCSl  CbcmtUrjr,  f<t^  90,) 

U'hen  ammonium  hydrate  is  added  to  orgentie  nitrate,  die  precipitated 
oxide  rcdis50iic;  in  excess,  and  the  solution  thus  produced  is  called  ammonU 
nil-  ''  uicA  as  a  test  for  arsenious  and  arsenic  acids.      Argcnild 

()^  I  "ig  bquid  ammoni.i,  is  converted  intg  an  exceediugljl 

il.  I  !.  called  falininatiKg  iUxtr.     Argentic  peroxide,  Ag^O 

i»  -  in  argentous  oxide,  Ag,0,  has  been  isolated 


OXVGEN  AND  ITS  COMPOUNDS. 


CALCIUM  HYDRATE  (Svns.  Sl>il-ed  Lime.     Calds  Hydm.     Calcium  Hy- 
droxuii).    Formnla,  Ca2H0.    Uolecnlar  Weight,  74. 
Prepared  by  the  action  of  water  upon  calciam  oxide,  the  action  being 
called  slaking: — 

CaO  +  HjO  =  Ca2HO. 

The  lime  is  placed  in  a  metal  pot,  some  water  is  poured  upon  it,  and  when 
vapour  ceases  to  be  disengaged,  the  pot  is  covered  until  cool.  The  slaked 
lime  is  then  sifted  on  an  iron-wire  sieve,  rejecting  what  does  not  pass  througli. 
The  sifted  powder  should  be  kept  in  a  stoppered  boiile. 

Calcium  hydrate  is  powerfully  alkaline,  and  when  heated  re-forms  the  oxide. 
It  is  not  readily  produced  from  calcium  oxide  which  contains  mucli  silica  and 
aluminium  oxide;  but  in  such  a  case  the  employment  of  hot  water  accelerates 
its  formation. 

Calcium  hydrate  is  peculiar,  inasmuch  as  it  is  more  soluble  in  cold  than  in 
boiling  water.  Phillips,  who  has  practically  investigated  this  property,  supplies 
the  foUowing  table  : — 

One  pint  of  water  at  30°  F.  dissolves  ii\  grains. 

It  is  for  this  reason  that  the  B.P.  prepares  its  liquor  calds  (limewalcr)_ 
cold  water,  by  placing  1  ounces  of  lime  in  a  stoppered  bottle  and  adi" 
gallon  of  water,  shaking  well,  and  letting  the  whole  stand  for  12  hours. 

(/^  analym,  imjmrilUs,  and atimatioii,  srrAiilhor's  Anftlfttcd  Cheoia^ .pages ^cind: 

If  kept  carefully  from  the  air,  the  same  amount  of  calcium  hydrate  will  bear 
bur  such  treatments  with  water,  and  yield  each  lime  a  full-strength  liquor, 
f  There  are  many  substances,  notably  the  alkalies,  which  almost  entirely  prevent 
the  solution  of  calcium  hydrate  in  water ;  whilst  there  are  also  many  which 
lately  increase  its  solubility.  Among  the  latter  may  be  mentioned  sugar, 
mannite,  and  glycerin.  Sugar  acts  by  combining  with  the  calcium  hydrate  to 
form  calcium  saccharate,  and  although  thus  combined  the  calcium  hydrate 
still  continues  to  exhibit  all  its  alkaline  properties.  The  solution  is  lernaed 
in  the  B.P.  liquor  catcis  saccharaius,  in  which  i  ounce  of  CaiHO  is  steeped 
in  a  pint  of  water  containing  r  ounces  of  refined  sugar  and  a  solution  pro- 
duced having  a  specific  gravity  of  i'o52. 

When  strong,  Uiis  liquid  becomes  gelatinous  on  boiling,  owing  to  separation 

of  the  lime  salt ;  but  it  becomes  clear  again  on  cooling.     Exposed  to  the  air, 

1  it  absorbs  carbonic  acid  gas,  and  the  calcium  separates  out  as  carbonate,  as 

■jn  the  case  of  ordinary  limewater.     The  precipitate  is  a  compound  in  which 

the  sugar  acts  as  a  hexad. 


CALCIUM  OXIDE   (Syns.  Calx,  B.P.    Lime).     Formnla,  CftO.    Molecular 
Weight,  56. 

Is  prepared  by  heating  native  caJcinm  carbonate  {chalk  or  limestone)  until 
all  the  cariwnio  anhydride  is  driven  off: — 

CaCO,  =  CaO  +  CO3. 

The  operation  is  conducted  in  an  arrangement  called  a  kiln.    This  i^fl 
circular  lower  of  brickwork  or  stone,  the  interior  of  which  is  made  in  "* 
shape  of  a  funnel.     A  furnace  is  constructed  at  one  side,  so  that  the  1 
enters  the  funnel  a  little  way  above  the  bottom. 

The  kiln  having  been  filled  with  limestone,  the  heat"  of  the  furnace  I 


STRONTIUM.— BA  RIUM. 

Upon  it,  and  converts  it  inlo  calcium  oxide,  which  is  drawn  off  at  tbc  b 
while  new  mineral  is  constantly  poured  in  at  the  top,  and  so  the  action  go< 
on  nighl  and  day.     The  product  is  commonly  called  quicklime.     It  is  us 
met  with  ia  compact  masses  of  a  whitish  colour,  which  readily  absorb  w 
and  which,  when  raiher  less  than  their  weight  of  water  is  added,  crack  i 
lall  into  powder,  with  the  development  of  much  heat. 

\Fer  anatyiis  and  imfvriliei,  ite  Author's  Anilytitftl  Cli«aitrtty,/(yK  go.) 

The  powder  obtained  by  the  process  of  slaking,  when  agitated  with  distillei 
vrater,  gives,  after  hltratjon,  a  clear  solution  which  has  an  alkaline  reactiot 
It  ia  itifusilile  by  ihe  heat  of  any  furnace. 

{For  tlie  remaining  facts  concerning  calcium  oxide,  ^a  Calcium  Hydrate.)  1 

Calcium  also  forms  ^peroxide,  CaOj,  of  little  interest. 

STBOHTnrU  HYDRATE  (SvN.  Strontium  Hydroxide).     Pormnla.  SrSHO, 

Approximates  to  barium  hydrate  in  all  its  properties.     It  may  be  made 
a  similar  process.     When  prepared  by  slaking  strontium  oxide,  it  forms  | 
crj-sulline  mass.     It  is  of  no  practical  interest. 

STROKTItTK  OXIDE  (Syn.  Strentia).     Formtlla,  SrO. 

A  powder  having  very  nearly  the  same  qualities  as  barium  oxide.     It  \ 

prepared  in  the  same  manner  as  that  body,  but  is  veiy  little   used.     It  I 

soluble  to  the  extent  of  2  per  cent,  in  water  at  Co''  F,,  and  4  per  cent,  a 

^Z 1 2°  F.     In  tiie  other  methods  of  formation  it  resembles  barium  oxide. 


BIUK    HYDRATE  (Svn.   Barium  Hydro. 
lecnlar  Weight,  171. 


idf).    Formula,  Ba2H0. 


1  much  resembles  calcium  hydrate,  *and,  like  it,  is  slightly  soluble  i 
r,  Oie   solution    being   called  baryta  water.     It  is  pre|>ared   by  slakf 
1  oxide,  and  also  by  digesting  barium  sulphide  with  c  11  pric  oxide  3 
iralcr.     It  dissolves  in  water  to  the  extent  of  i  in   20  of  cold  and  i  in  z 
boiling,  and  can  be  procured  in  crystals  having  the  formula  HhzWOj^H^ 
II  ts  decidedly  alkaline,  and  is  used  to  separate  magnesium  from  the  alkalia' 
"s  by  precipitating  it  as  hydrate. 

(Ste  (stimatien  0/ Falassium  in  Author's  AnalfUcal  Chemistr;.) 

[  OXIDE  (Svn.  Baryta).    Formula,  BaO.      Molecular  Weight,  15J 

K«I*  prepared  by  heating  baric  nitrate  in  a  crucible  to  a  bright  red  heat  untl 
'     mposed  ;  oxygen,  nitrogen,  and  nitric  peroxide  being  evolved  : — 
aBa-iNOg  =  aBaO  +■  aNOj  +  3O2  +  N^. 
[_  ]|  is  a  whitish,  earthy  mass,  easily  pulverized,  and  combining  with  water  t 
□  buiiun  hydrate. 


UC  PEROXIDE.    Formula,  BaOj.    Molecular  We^ht, 
L  Prepared  by  healing  barium  oxide  to  dull  redness 


fith  s 


The  hydrate  may  be  employed;  but  it  is  then  necessary  to  mix* 
t  TD^nesium  oxide  to  prevent  its  fusion,  as,  when  fused,  oxygen  woul 
%\m  so  readily  absorbed  : — 

3BaO  +  0,  =  2BaO,. 


90  OXYGEN  AND  ITS  COMPOUNDS, 

When  treated  with  hydrocMoric  acid,  it  3delds  hydric  peroxide  and  barinm 
chloride : — 

BaOg  +  2HCI  =  BaCljj  +  HgO^. 

MAGNESIUM    HYDEATE  (Syns.    Hydrated   Magrusia.     Magnesium    Hy- 
droxide),   Formula,  Mg2H0.    Molecnlar  Weight,  58. 

A  white  precipitate  produced  in  soluble  salts  of  magnesium  by  either 
potassium  or  sodium  hydrate,  and  also  by  barium  hydrate  : — 

MgSO^  +  2NaH0  =  MgaHO  +  NagSO^. 

This  precipitate  is  soluble  in  all  ammoniacal  salts,  and  most  of  all  in  ammonium 
chloride;  and  it  therefore  cannot  be  produced  in  the  presence  of  that 
substance. 

It  is  for  this  reason  that  ammonium  chjoride  is  added  before  ammonium 
sulphide,  when  precipitating  metals  of  the  third  group,  in  qualitative  analysis, 
the  magnesium  being  thereby  held  in  solution,  to  be  afterwards  precipitated 
by  sodium  phosphate.  In  perfectly  neiitral  magnesium  sulphate,  a  precipitate 
of  magnesium  hydrate  is  produced  by  liquor  ammonicR  ;  but  if  the  solution  be 
slightly  acid,  such  a  precipitate  is  not  formed,  because  the  ammonium  hydrate 
in  neutralizing  the  acid  produces  an  ammoniacal  salt  Magnesium  hydrate  is 
not  soluble  in  excess  of  its  precipitants.  It  is  very  slightly  soluble  in  water, 
and  when  heated  forms  the  oxide. 


MAGNESIUM  OXIDE  (Syns.  Magnesia.    Magnesia  Levis,  B.P.).    Formula, 
MgO.    Molecular  Weight,  40. 

Is  prepared  by  heating  magnesium  carbonate  in  a  crucible  until  a  portion 
taken  from  the  centre  ceases  to  effervesce  with  dilute  sulphuric  acid  (thus 
showing  that  all  the  carbonic  anhydride  has  been  expelled).  The  B.P. 
carbonate  is  a  mixture  of  magnesium  carbonate,  magnesiimi  hydrate,  and 
water.     The  reaction,  therefore,  is  : — 

(MgC03)3Mg2H04H20  =  4MgO  +  3CO2  +  5H3O. 

When  magftesice  carbonas  is  thus  treated  it  yields  magnesia,  while  from  magnesia 
carbonas  levis  magnesia  levis  is  produced.  These  two  oxides  are  alike  in 
chemical  constitution,  and  differ  only  in  the  degree  of  aggregation  of  their 
molecules,  a  fact  demonstrated  by  the  experiments  of  Mr.  Deane ;  the  mag- 
nesia being  close  and  heavy,  while  the  magnesia  levis  is  Hght  and  porous. 
Both  varieties  are  white  powders,  soluble  in  dilute  acids  without  eflfervescence. 
They  are  practically  insoluble  in  water,  only  dissolving  sufficiently  to  show  a 
slight  alkaline  reaction  with  delicate  neutral  litmus  paper. 

{For  analysis  attd  impurities ^  see  Author's  Analytical  Chemiatry, /o^^  90.) 

Magnesium  oxide  may  also  be  prepared  by  burning  the  metal  magnesium 
in  the  air  or  in  oxygen. 

ZINC  HYDRATE  (Syns.  Zinc  Hydroxide,  Hydrated  Oxide  of  Zinc),  Formula, 
Zn2H0.    Molecular  Weight,  99. 

A  white  precipitate  produced  by  potassium,  sodium,  or  ammonium  hydrates, 
from  solutions  containing  zinc.  It  is  immediately  soluble  in  excess  of  the  pre- 
cipitants ;  and  the  solution  thus  obtained,  when  treated  with  ammonium 
sulphide,  deposits  white  zinc  sulphide.  By  this  means  zinc  may  be  sepa- 
rated from  iron  and  aluminium. 


ZltlC  OXWE.—CVPfilC  HYDRATE. 

ZtSC  OXWE  {Svufi.  Zind  OxiJum.   ^m  Whilf).   Formula,  ZnO.   Molecular 
Wetglt,  8L 

Prcpiicd  (by  Hubbock's  process)  by  heating  zinc  in  a  crucible  placed  in  | 
the  cenuc  of  a  chamber  with  free  access  of  air.  When  heated  to  whitencssa 
the  zinc  takci  fire,  burning  with  a  light  blue  flame,  forming  I.irgc  fbkes  of  thafl 
oxkIv,  nliurh  crfllcct  on  the  floor  of  the  chamber."  The  oxide  is  freed  fromj 
lh«  pattir|c§  of  metallic  zinc  mechanically  thrown  out  owing  to  tlie  violence! 
of  the  action,  by  mixing  with  water,  stirring  rapidly,  and  pouring  off  as  aoonV 
u  the  heavy  metallic  pajticles  have  settled. 

TTiis  process  is  called  lex-igation. 

The  action  during  the  burning  of  the  linc  is  one  of  direct  combination  with 
Ihe  oxygeii  of  the  aJr  ; — 

jZn  +  Oj  --  aZnO. 
The  Qxiiie  thus  produced  is  perfectly  white,  while  the  B.P.  oxide  is  yellowish- 
while     f)y  the  B,I'.  process  zinc  oxide  is  prepared  by  heating  the  oilicbl 
caibonatc  in  a  crucible  until  a  portion  taken  from  tlie  centre  ceases  to  effet- 
TCKc  with  diluted  sulphuric  acid. 

As  in  the  case  of  magnesia,  the  official  line  carbonate  is  a  mixture  of  c 
booaic,  hydrate,  and  water,  and  on  healing  a  similar  action  takes  place  to  I 
IfcU  alTe:ady  described  under  magnesia  : — 

2nCOsCZn2HO)aH30  =  jZnO  +  CO,  +  zMjO. 

Thqs  made,  zinc  oxide  is  a  soft  nearly  white  powder,  tasteless  and  in- 
Odorous,  becoming  pale  ycltow  when  heated,  but  resuming  its  original  colour  1 
OR  cooling.     It  is  insoluble  in  water,  but  dissolves  without  etTervcsceuce  in  1 
dfliuc  acids. 

{Par  analytii  and impHriiia,  in  AulAn's  AiuklTtittl  Cheini«fa7,/u^T qi.) 
7mk  a  usually  esdmalcd  in  tliis  form. 

C1TPRIC  HYDRATE  (Svns.  Cupru  Hydroxide.    Hyifraled  Oxide  pJ  CoAVr), 
Formula,  Cu2H0.    Uolecular  Weight,  97-6. 

A  bluish  precipitate,  rapidly  turning  black,  owing  to  the  formation  of  cnpric  ! 
oiddc  It  is  produced  in  a  soluble  cupric  salt  by  addition  of  potassium  or  \ 
SOditim  hydrates.  The  precipitate  is  insoluble  in  excess,  but  in  the  presence  f 
of  organic  matters,  and  notably  of  Rochelle  salt,  it  immediately  re-dissulvcs  j 
to  form  a  blue  liquid,  which  on  being  boiled  witli  sugar  deposits  cuprous  oxide.  \ 
Tllil  sohition  m  culled  Fehlin^i  solution  Jor  fht  aHmation  ef  fugar. 
{.'in  AHllia''i  AiuljtlMl  Cbamittrj./u^v  159.) 

ttTjcn  ammonium  hydrate  is  added  to  cupric  sulphate,  it  produces  x  pre-  1 
dpitaie  of  hjdratc  ;  which,  however,  instantly  re-dissolves  in  excess,  forming  | 
«  deep  blue  solution,  due  to  the  production  of  cupric  Mrammonium  sulpAaie  I 
— CuSl>,.4N  H^H,0.     (S«  StUphfttes.) 

Titc  hiuid  thuB  obtained  is  c^immonly  called  ammonio-sulphatc  of  copper, 
and  i*  usc-d  as  a  reagent  for  the  detection  of  arscnious  acid,  with  which  it  j 
fucms  a  precipitate  of  ScAtt/c's green  (cupric  arseniic). 

CDPROnS  OXIDE  (Sv.v.  Suboxide  of   Copper).   Formula,  Cu,,0.     Molecular 
Weights  143. 
Is  «  brick-red  substance,  produced  when  copper  is  Iic-atcd  in  an  imperfect  j 


OXYGEX  AND  ITS  COUPOUNDS. 

supply  or  air.  It  b  alio  ptedpitaicd  by  boiling  gnpc  sugar  with  a  soiodoa  of 
copper  in  the  prescDce  of  excc&s  of  an  alkaline  bjdraie.  This  is  the  foiuidft- 
Uon  of  Strommer's  and  Fehliny's  tests  for  sugar. 


CETPEIC  OXIDS  (Si-N.  SlaJi  Cepftr).  FoTmsla,  CnO.  XolMtiJftr  Teieht, 
7»5. 
A  (>roimUh-bbck  substance,  formed  in  scales  on  the  soi^e  of  copper 
healed  in  contact  with  the  air,  and  aJso  in  powder  by  heating  CBprie  aitoatd. 
It  it  ranch  Q&ed  for  the  ultimiite  analysis  of  the  carbonaceous  (o^anic)  bodies, 
wtucb  it  converts,  at  a  red  heal,  into  carbonic  anhydride  and  water,  becomiiig 
itsetf  rediKed  to  cuprous  oxide. 

It  is  remarkable  for  its  hygroscopic  nature,  that  is  to  say,  the  eagerness 
with  which  it  absorbs  moisture  &om  the  air.  It  should  therefore  be  kept  in 
closely  slopped  Iwtiies,  and  always  be  re-ignited  before  use. 

Copper  is  frequently  estimated  in  this  form. 

(^  Auilurs  Awtlytical  ClicaditiT,/>«^  167.) 


CDTEIC  PESOZIDE.    Formal^,  CnO,. 

Is  also  known  (CuOj);  but  the  existence  of  a  sesquioxide  (Cq,Oj)  is  onlf 

inferred,  not  having  been  yet  definitely  isolated. 

KESCITB0U8    OXIDE    (Sw.    Suboxide  of    Mercury).       Formula,     %|Ql 
Kolecidar  Weight,  116. 

Prepared  by  treating  a  merciiroM  salt  with  any  alkaline  hydrate.  exc«pt 
ammonium  hydrate.  It  is  the  active  ingredient  in  lotio  hydrargyri  mgrWt 
U.P.,  which  is  prepared  by  the  action  of  Lmewater  (calcitim  hrdrate)  upon 
calomel  (mercQTOus  chloride): — 

HgjCU  +  CaiHO  =  HgjO  +  CaQj  +  HjO. 

The  lotion  thus  prepared  usually  contains  unaltered  calomel,  and  is  not 
by  any  means  a  reliable  mixture,  because  by  exposure  to  light  it  forms 
metallic  mercury  and  mercuric  oxide.  This  change  is  detected  by  testing  the 
clear  portion  poured  off  from  the  sediment  with  calcium  or  potassium  hydrate, 
when  it  will  turn  yellow  if  mercuric  oxide  has  been  formed  and  dissolved. 

{Ffr  analysis  aitd  imfurities,  Iti  AtUhor't  katijUaX  CbemUtrj,/!^  gi.) 

Mercurous  oxide  is  a  black  powder  insoluble  in  water  and  also  in  hydro- 
chloric flcid  {distinction  from  mercuric  oxide).  Heated ,  it  forms  mercurk: 
oxide  and  metallic  mercuty. 


MBECtTKIC    OXIDE   (Syns.   Hydrargyri    Oxidiim   Flarum.      Ifydrargpi 

Oxidum  Riibrum)     Formula,  HgO.    Molecular  Weight,  216. 

Prepared  (i)  by  prolonged  heating  of  mercury  in  contact  with  the  air  : — 

Hg5  +  Oj  =  aHgO. 
The  product  is  dark-red  in  colour  and  distineily  crystalliiu. 
(a)  By  precipitation  of  a  mercuric  salt  with  any  alkaline  hydrate  except 
ammonium  hydrate.  -" 

The  B.P.  prepares  it  in  loth  hydrargyri  flin-a  by  precipitating  solol 
mercuric  chloride  with  Umewater  (calcium  hydrate): — 

HgClj-i-  CaaHO  =  HgO  -f  CaClj  +  HaO. 


^F  MERCURIC  OXIDE.— ALUMINA.  ^jfl 

(j)  In    Ihc  form  of  hydrargyri  oxidum  Jhtvum,  B.P.,    il  is  prepared  byB 

predpiu6iig  a  solutioa  of  mercuric  chloride  with  sodiam  ItTdrate  and  dryingfl 

the  prectiiiUie  in  a  waier  baih  : —  ^m 

HgClj  +  aNaHO  =  HgO  +  aNaCl  +  HjO.  I 

Thos  produced,  il  is  an  amnrfheut  yellow  powder,  practically  insoluble  lal 
KUcr.  tMit  readily  soluble  with  effervescence  in  diluted  bydrochloric  acid.fl 
Although,  BS  already  stated,  it  is  practically  insoluble,  yet  it  communicates  lofl 
water  sn  alkaline  reaction  to  delicate  litmus  paper,  and  a  metallic  ta^te.  I 

(4)  Ah  hidiargyri  oxidum  rubram,  B.P,,  it  is  prepared  by  mixing  morcmiav 

ailxius  with  metallic  iiurcary,and  healing  until  no  more  ted  furoes  of  uitricfl 

pooxide  are  given  off : —  I 

iHgsNOa  +  Hgj  =  4HgO  +  jN^O,.  I 

In  this  form  it  is  an  orange-red  powder,  readily  dissolved  by  hydrociiloHcl 

■dd,  and  very  tryUaliiue  in  structure.     It  is  entirely  volatilized  by  heal  undcn 

ndoess,  being  at  Ibe  same  time  decomposed  into  mercury  and  oxygeiL  ■ 

(Fer  emalyni,  set  AtithBr'i  An»Ijtic«l  Che[Butl7,/UjV  91.)  I 

Mivcnric  oxide  is  reduced  to  mercurous  oxide,  or  even  to  the  metallic  slattfrl 
when  mixed  with  readily  oxidiiable  substances,  such  as  the  first  prodocl  on 
the  oxidaiion  of  fats  or  nitrogenous  bodies.  'ITic  common  adulterations  area 
(i)  Jifd  ttaJ,  which  is  detected  by  Ihc  formation  of  a  precipitate  of  plumbi<^ 
peroxide  when  the  sample  is  dissolved  in  dilute  nitric  acid.  (2)  UndetomM 
f9u4  bcsU  nurcuTU  nitrair,  detected  by  red  fumes  oti  heating.  {3)  BrUI^^ 
Asf,  remains  insoluble  in  dilute  nitric  acid,  and  is  known  by  its  appearance;! 
{if  Cmn>t/^r  (native  red  mercuric  sulphide)  is  left  as  a  residue  on  diasolvingv 
&  xaiDjitc  in  dilute  hydrochloric  acid.  ( 5)  Mercurmi%  oxid^,  ia  also  insolublin 
in  hydrochloric  add,  as  well  as  calomel,  whidi  is  sometimes,  but  laiely  (butuLA 

ALraZHIOH  RTBRATE  (SvN>i.  AlumittU  /fydrotidf.  BydnUtS  Oxidt  lyJ 
Ahiminium.  UydntUJ  Alumina.)  I^mnulft,  Al^HO.  Kolectklu] 
Weight,  157.  I 

Is  tbc  precipitate  produced  in  alnm,  or  any  soluble  salt  of  alDininiimi,  bM 
■nuDonium  hydrate,  carbonate,  or  sulphydrate.  When  produced  it  i&  tx^fl 
absoluicly  insotubic,  but  can  be  rcndcnil  so  by  boiling  off  the  excess  (fl 
volatile  ammoniun)  salts.  It  is  precipiiablc  by  potassium  or  sodium  hydratcu 
bat  i«  rxiidily  soluble  in  excess  of  cither,  separating  out  if  the  alludind 
•oluikin  be  boiled  with  ammonium  chloride.  When  heated  to  redness  id 
ii  oonverlcil  into  aluminium  oxide.  ■ 

Alinniitium  hydrate  is  ollen  employed  in  dyeing,  as  a  mordant  to  fix  variousi 
colouring  mattcn  in  the  texture  cJ  wwil,  silk,  ur  cotton.  It  is  usually  formuftl 
DO  the  hbii-«  of  ihc  bbrics  by  lirst  sleeping  ibcm  in  "  alum  "  or  alumininnH 
acrtiite.  and  then  passing  through  a  solution  of  an  alkaline  airbonatc  od 
hydrate.  I 

JXTnOHIUH  OXIDE  (Svns.  Alumina.  Saquioxidt  1^  AluMimum)M 
ForruoU,  Al^,.    Molecular  Weight,  103.  ■ 

A  bnniy- looking,  white  m^tss,  obtaincil  by  heating  aluminium  hydfate  icfl 

redocu :—  ■ 

AL61IO  =  AlaOj  +  jHjO.  ^ 

AlicT  i^iiitioa  it  b  only  soluble  in  the  strongest  boiling  hydnxhtwic  vaOA 
Afua  rtgui  di&Kilvc:s  it ;  and  fukion  with  acid  potassium  sulphate  ciBiMfl|H 
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dissolve  readily  in  dilute  hydrochloric  acid     It  is  in  this  form  that  alumini 
is  usually  estimated. 

{See  Author's  Analytieal  CheaSa^j  page  172.) 


MAHGAHOUS  HYDEATE  (Syn.  Manganous  Hydroxide).  Formula,  Mn2H' 

Is  fonned  on  the  addition  of  an  alkaline  hydrate  to  manganous  salts  as 
white  precipitate  :  soluble  in  excess  of  ammonium  hydrate  in  the  presence  i 
ammonium  chloride,  but  insoluble  in  potassium  and  sodium  hydrates  : — 

MnCU  +  2KHO  =  Mn2H0  +  2KCI. 

It  is  speedily  converted  into  MujO^  or  Mn^Oj  by  exposure  to  the  air. 


MANGANESE  OXIDES. 

Manganese  forms  a  long  series  of  oxides,  as  follows : — 

Manganous  Oxide 
Manganoso-manganic  Oxide 
Manganic  Oxide 
Manganic  Peroxide     . 
Permanganic  Anhydride    . 


MnO. 

MngO^. 

MnoOj. 

Mnbg. 

Mn207. 


MAKGAHOUS  OXIDE.    Formnla,  KnO. 

A  light  green  body  formed  by.  heating  manganous  oxalate  out  of  contact 
with  the  air,  which  is  not  of  pharmaceutical  importance. 


MAEaAHOSO  JIAiraANIC  OXIDE.    Formula,  MngO^. 

Prepared  by  heating  the  peroxide  to  redness,  when  it  gives  up  oxygen,  and 
leaves  this  oxide  as  a  red  residue.    {See  Oxygen.) 
Manganese  is  best  estimated  in  this  form. 

MANGANIC  OXIDE.    Formula,  Mn^Oj. 

Found  native  in  Braunite.  It  is  brown  in  colour,  and  of  no  interest  to  the 
pharmacist 

MANGANIC  PEEOXIDE   (Syns.  Black  Oxide  of  Manganese.     Pyrolusite). 
Fonntda,  MnO^.    Molecular  Weight,  87. 

Is  the  chief  source  of  manganese,  extensively  used  in  the  arts  for  many 
purposes,  notably  the  manufacture  of  chlorine.  In  its  native  state  it  is  called 
pyrolusite^  owing  to  the  extreme  readiness  with  which  its  composition  is  loosed 
or  resolved  by  heat  (wvp,  Xvo-ty). 

(Far  analysis^  see  Author^ s  Analytical  Gheznistry,  page  91. ) 

It  is  an  oxidizer,  either  when  treated  alone  or  with  sulphuric  acid.  {See 
Oxygen.)  It  dissolves  in  hydrochloric  acid,  yielding  manganous  chloride,  and 
evolving  chlorine  gas.  When  this  gas  is  passed  through  a  solution  of  man- 
ganous salt  (in  the  presence  of  an  alkali),  the  following  reaction  occurs  : — 

MnClg  +  CI2  +  2H2O  =  MnOg  +  4HCL 

When  treated  with  oxalic  acid  and  sulphuric  acid,  it  dissolves,  forming 
manganous  sulphate,  converting  the  oxalic  acid  entirely  into  carbonic 
anhydride  and  water ; — 

H2C2O4  +  MnOg  +  H2SO4  -  MnSO^  +  2CO3  +  HgO. 


MANGANESE  SALTS. 
This  reaction  is  taken  advantage  of  to  estimate  the  value  of  samples  ol  ihel 

XAKOAinC  AKHYSRISE.    Formula,  H&O,. 

Is  iUclf  uoknown,  but  is  presumed  to  exist,  and  to  combine  with  water  to] 
form  manganic  acid  : — 

MnOj  +  HjO  -  HjMnO^, 
Fof  although  we  cannot  isolate  even  the  latter  body,  we  have  a  class  of  saltsi 
-oiled  mangonates,  which  have  MnO^  for  their  acidulous  radical,  acting  as  t 
dyad. 

POTASSnnn  UAHOAKATE.     Formula,  EjUnO^. 

Is  a  green  soluble  subslance.  produced  by  calcining  manganic  peroxide 
with  potasBinm  hydrate,  in  contact  with  the  air.  Freciuently  a  littli:  potas- 
sium chlorate  is  added  to  hasten  the  oxidation. 

SODITJX  KAN6ANAT5, 

Which  is  made  in  the  same  way,  using  sodium  hydrate,  is  the  basis  of  Cond/M 

green  disinfecting  fluid. 

Mancanitcs  are  powerful  oxidizers,  and  are  decolorized  by  oxalic  acid,  0 
any  rciiuciiig  agent,  as  well  as  by  sulphuretted  hydrogen  and  putrid  organic^ 
matter*.  I 

Dluolvcd  in  a  quantity  of  hot  water,  ihey  form  permanganatd  and  deposit 
maog^tnic  peroxide. 

FZRXANOAHIC  AHHTBKIDE.    Formula,  Kil.0.. 

Can  l)e  isolated  hy  the  action  of  strong  sulphuric  acid   upon  potassiiiiaj 
penniuigunite,  in  the  presence  of  a  freezing  mixture.     It  unites  with  water  t<r 
farm  solution  of  permanganic  acid,— H^Mn^Og, — a  deep  violet  hqujd,  veiyl 
nutable,  and  explosive  when  exposed  to  sudden  sunlight 

POTASSIUM  PERKANGAIIATE    (SvN.  Polmsir  Ptrmangams).    PomnU,! 

K,Mn,0,    2KMN0^.     Molecular  Weight,  316, 

Is  iirciKircd  by  fu^ini^  potaasiiun  hydrate  with  manganic  peroxide  and  aJ 

little  potasnum  chlorate,  forming  potftssium  manganatfl  :— 

6K.H0  f  iMnOj  +  KCIO,  =  3K,MnO,  +  KCl  +  ,iHjO. 
On  boiling  the  green  mass  in  water,  it  forms  a  purple  solution  containing 
•otaMinm  permanganate  and  potassium  hydrate,  manganic  peroxide  bcin( 
deposited  :  — 

jK.MnOj  +  2H,0  -  KoMnjO^  +  MnOj  +  4KHO. 

Sulphuric  acid  is  added  in  sufficient  quantity  to  neutralize  the  potassiunifl 

hyiltaie  produced  in  this  last  reaction,  and  the  whole  crystal  lire  d.  I 

Thui  prc|)ared,  it  is  found  in  dark  purple,  slender,  prismatic  crystals,  inod(»l 

rou«,  witti  a  sweet  astringent  taste,  soluble  in  water. 

l,Fi>r  analyiis.  iiv -^Krtofi  Aii»ljtie»l  Chaml»ft7,/k«r9i.l 
Potassium  permanganate  is  a  powerful  direct  oxJdieer,  yielding  up  its  oxygci 
very  readily,  and  being  itself  decolorized.     It  is  thus  very  useful  for  I' 
«tiijn(i..ii  of  readily  oxidiied  substances. 

[i-e,  in  contact  with  oxalic  acid,  acidulated  with  sulphuric  acid,  il 
decomposed : — 
Of,  *  jHjSO,  +  sH,C,0,  =  aMnSO,  +  KtSO,+ loCOj +8^a 
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Thus  it  is  evident  that  one  molecule  pf  K^Mn^Og,  or  two  molecules  of  KMn04, 
require  five  molecules  of  oxalic  acid  for  complete  decolorization.  The 
strength  of  a  permanganate  solution  may  therefore  be  obtained  by  acidulating 
a  known  quantity  with  sulphuric  acid,  and  adding  volumetric  solution  of  oxalic 
acid  until  the  liquid  is  just  decolorized,  and  having  ascertained  the  number 
of  c.c.  of  oxalic  acid  used,  calculate  thus  : — 

(c.c.  oxalic  acid  used  x  -063)  x  316  ^  (  amount  of  potassium  permanganate  in 

630  (  weight  of  solution  taken  for  analysis. 

Potassium  permanganate  also  raises  fbrrous  into  ferric  salts,  in  the  presence 
of  sulphuric  acid,  and  is  itself  decolorized,  as  with  oxalic  acid : — 

loFeSO^  +  KoMnaOg  +  8H2SO4  =  5Fe23S04  +  2MnS04  +  KgSO^  +  SHgO. 

This  equation  shows  that  one  molecule  of  potassium  permanganate  (316) 
can  raise  10  molecules  of  iron  (560)  from  the  ferrous  to  the  ferric  state. 

SODIUM  PERMANGANATE.    Formula,  Na^MnsOg. 

Prepared  like  the  last-described  salt,  using  sodium  instead  of  potassium 
hydrate.  It  is  the  basis  of  Condys  crimson  fluid y  which  disinfects  by  direct 
oxidation,  and  of  Chlorozone^  which  is  essentially  a  solution  containing  at 
once  sodium  permanganate  and  sodium  hypochlorite,  and  therefore  acts  both 
by  direct  and  indirect  oxidation. 

COBALTOXJS  HYDEATE  (Syn.  Cobaltous  Hydroxide).    Pormnla,  Co2HO. 

A  blue  precipitate  produced  by  potassium  or  sodium  hydrate,  in  soluble 
salts  of  cobalt,  which  changes  colour  on  boiling. 

NICKELOUS  HYDRATE  (Syn.  Nickelous  Hydroxide).    Formula,  Ni2H0. 

A  bluish-green  precipitate,  produced  in  a  similar  manner  to  the  above, 
which  does  not  change  colour  on  boiling. 

FERROUS  HTDRATE.    Formula,  Fe2H0. 

A  dirty-green  precipitate  produced  in  solutions  of  ferrous  salts  by  alkaline 
hydrates  slightly  soluble  in  excess.  Exposed  to  the  air,  it  rapidly  changes  to 
ferric  hydrate. 

FERRIC  HYDRATE  (Syn.  Ferri  Peroxidum  Humidum,  B,P,  Moist  Hydrated 
Peroxide  of  Iron,  Ferric  Hydroxide),  Formula,  Fe6H0.  Molecular 
Weight,  214. 

This  is  a  gelatinous  brown  precipitate,  produced  by  treating  a  soluble  ferric 
salt  with  an  alkaline  hydrate.  It  is  called  in  the  B.P.  ferri  peroxidum 
humidum^  and  is  prepared  by  precipitating  a  solution  of  ferric  sulphate  with 
sodic  hydrate : — 

Fe33S04  +  6NaH0  =  Fe26HO  +  3Na3S04. 

When  dried  at  2x2°  F.,  ferric  hydrate  loses  water,  and  is  converted  into 
ferric  oxy-hydrate,  having  the  composition  of  Fe202.2HO.  This  substance  is 
called  in  the  B.P.  ferri  peroxidum  hydratum^  and  is  formulated  according  to 
old  views  as  ferric  oxide  with  one  molecule  of  water  attached,  F2O3H2O. 

It  is  a  reddish-brown  powder,  destitute  of  taste,  and  not  magnetic  It 
dissolves  completely,  though  slowly,  without  the  aid  of  heat,  in  hydrochloric 


FERRIC  HYDRATE.  ^^^^^H 

I  SiluWiI  with  half  its  volume  of  water,  and  this  solubility  causes  its  use 
iniKad  of  the  actual  FcjOj,  which  is  not  readily  soluble  in  dilute  acids. 
Heated  to  dull  redness  in  a  test-tube,  it  gives  off  moisture,  and  becomes 
taiufbimed  into  ferric  oxide. 

[Far  anaJysii  lu  Aulhar'i  InalyUwl  Chomlnry./iyw  S9.) 
When  freshly  precipitated  ferric  hydrate  is  kept  under  water,  it  decomposes 
ifieraomiitime;  two  molecules  changing  into  a  ferric  oxy-hydrate,  having  the 
tWDposiUoQ  FcjOgFe^fiHO,  and  water  being  set  free  : — 
2Fej6HO  =  FePs6H0  +  sHjO. 
When  thus  altered  by  exposure,  it  loses  its  virtue  as  an  antidote  to  arsenical 
psitoning.     The  freshly-made  hydrate  is  an  antidote,  from  its  power  of  forro- 
H^sn  insoluble  ferrous  arseoiate  in  the  stomach. 

AsjOj  +  zFej6H0  =  FeajAsO,  +  FeaHO  +  sHjO. 
Fenic  hydrate  is  readily  soluble  in  fixed  organic  acids  and  their  acid  salts, 
nd  the  solutions  so  obtained  are  not  precipitable  by  ammonium  hydrate.     It 
iiiil»n  this  fact  that  the  manufacture  of  the  scale  preparationa  of  the  B.P. 
depends. 

_  To  tnite  them,  freshly  precipitated  ferric  hydrate  is  dissolved  in  either 
nlnt  icid  or  potassium  acid  tartrate,  and  ammonium  hydrate  having  been 
»dded,  the  solution  is  evaporated  to  a  syrup,  and  is  spread  upon  glass  plates 
jod  dried.  In  this  way  a  soluble,  yet  neutral,  salt  is  obtained,  containing 
"Win  ihe  ferric  slate,  which  could  not  be  done  witliout  the  presence  of  an 
("pnic  icid,  as,  imder  ordinary  circumstances,  any  attempt  to  neutralize  a 
Rfflc  Slit  with  ammonium  hydrate  would  cause  the  formation  of  insoluble 
felic  hydrate. 

It  hi  been  already  seen  that  when  ferric  hydrate  is  kept  under  water  or 
™™«  fwiw,  it  becomes  changed  to  the  ferric  osy-hydrate,  Fe,0,6H0.  If 
•""hole  be  boiled  for  some  time,  a  still  further  loss  of  water  taJces  place, 
yl  a  modified  ferric  oxy-hydrate  is  produced,  having  the  composition 
fipt^HQ,  and  thus  resembling  the  B.F,  oxy-hydrale.  This  modified  ferric 
5*Wil  is  it  is  called,  is  nearly  insoluble  in  nitric,  and  only  dissolves  with 
™  greatest  difficulty  in  boiling  hydrochloric  acid.  When  it  is  placed  in 
p"!*'!  iHth  dilute  acetic  acid,  it  slowly  dissolves,  forming  a  most  peculiar 
^^1  *hich  although  appearing  perfectly  dear  when  viewed  by  transmitted 
^tj  yet  looks  turbid  in  reflected  light,  and,  moreover,  refuses  to  give  the 
™4  Woe  precipitate  with  potassium  ferrocyanide  so  characteristic  of  ferric 
""tioM  generally.  Some  chemists  have  considered  that  the  dilute  acid  does 
Wli^y  dissolve  the  modified  hydrate,  but  only  suspends  it  as  a  sort  of 
*J*l*on  of  very  finely  divided  particles,  and  they  thus  account  for  its  not 
P«w»g  Prussian  blue,  and  its  immediate  reprecipitation  by  a  strong  acid. 
I'jrt  feme  hydrate  is  dissolved  in  solution  of  ferric  chloride  or  ferric  acetate, 
U^lhe  whole  submitted  to  dialysis,  a  dark-red  fluid  remains  in  the  dialyzer, 
™^  is  highly  charged  with  the  hydrate  which  has  been  lately  introduced 
■  «fWr>feT/  liialysafi.  On  boiling  down  a  little,  or  by  adding  a  trace  of 
jPmtic  acid,  the  liquid  immediately  coagulates  to  a  dark-red  jelly,  which  is 
"81  no  longer  soluble  in  water.  Alcohol,  sugar,  and  acelic  acid  may,  how- 
"•o,  be  added  to  the  dialyzed  liquid  without  producing  coagulation.  It 
•WM  thus  seem  that  (here  are  really  two  states  of  colloidal  ferric  hydrate,  the 
ftWMlubieand  the  other  insoluble  in  water.  The  following  natural  ferric 
dBHWstes  have  been  deGnitely  analyzed  : — 

■■fiygiie Fe^OgzHO. 

^^Ketbite Fe^O«4HO. 

^^^Binonite  and  ordinary  "  rust "         ,        ,        .     Fep,6H0. 
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FERROUS  OXIDE.    Formula,  FeO. 

Is  a  very  unstable  oxide,  only  isolated  with  difficulty  by  passing  a  mixture  of 
carbonic  oxide  and  carbonic  anhydride  over  red-hot  ferric  oxide.  It  camiot 
be  prepared  from  its  hydrate. 

FERRIC  OXIDE  (Syns.  Iron  Rust  Hematite),  Formula,  FOsO,.  Molecular 
Weight,  160. 

Is  the  chief  part  of  the  red  deposit  that  forms  on  iron,  known  as  rust  It 
exists  in  nature  as  hamatite^  and  in  many  other  ores  of  iron  It  is  produced 
by  heating  ferric  hydrate  to  dull  redness  : — 

Fe26HO  =  FegOj  +  sHgO. 

When  ferrous  sulphate  is  heated  strongly,  it  first  turns  white,  owing  to  the 
formation  of  the  anhydrous  salt ;  then  yellow,  an  oxy- sulphate  forming ;  and 
lastly,  brick-red.  The  last  product  is  ferric  oxide,  the  formation  of  which 
may  be  represented  as  follows  : — 

2FeS0^  =  FegO,  +  SOg  +  SO,.        ? 

In  most  instances  the  FcgOg  contains  a  small  quantity  of  oxy-sulphate ;  there 
are  several  commercial  names  for  this  oxide,  such  2&  jeweller^  rouge^  colcothar^ 
and  red  crocus.     Haematite  reduced  to  powder  forms  Venetian  red. 

After  ignition,  it  is  extremely  insoluble  in  acids,  and  indeed  refuses  alto- 
gether to  dissolve  in  concentrated  nitric  acid.  When  heated  to  redness  in  a 
current  of  hydrogen  it  is  reduced  to  metallic  iron,  and  water  is  evolved : — 

FcgOs  +  3H2  =  Fcj  +  3H2O. 

Ferrum  redactum,  B.P.,  is  thus  made.  It  is  a  greyish-black  metallic  pow- 
der, soluble  in  hydrochloric  acid  with  effervescence,  liberating  hydrogen.  It 
should  be  soluble  in  strong  solution  of  iodine  {liquor  lodi)  ;  but  very  few 
Samples  will  stand  this  test,  as  they  nearly  all  contain  ferroso-ferric  oxide, 
Fe  O4,  which  is  produced  by  insufficient  reduction  and  is  insoluble  in  liquor 
lodi. 

Ferric  oxide  is  not  in  the  B.P.,  but  its  hydrates  are  included.  Iron  is 
usually  estimated  in  the  form  of  ferric  oxide. 


FERROSO-FERRIC  OXIDE  (Syn.  Magnetic  Oxide  of  Iron),    Formula,  FCjO^. 
Molecular  Weight,  232. 

Is  found  in  Sweden,  and  known  as  magnetic  iron  ore,  and  also  constitutes 
the  black  scales  which  fall  off  iron  when  it  is  being  welded.     It  is  a  mixture 
of  one  molecule  of  ferrous  and  the  same  quantity  of  ferric  oxide. 
Thus,— 

One  molecule  Ferrous  Oxide FeO 

„  Ferric  Oxide Fe^Oj 


>> 


Magnetic  Oxide FejO^ 


According  to  the  B.P.,  it  is  prepared  by  mixing  solution  of  ferrous  and  of 
ferric  sulphates,  and  precipitating  with  sodium  hydrate,  forming  ferroso- 
ferric  hydrate : — 

FeSO^  +  Fe23S04  +  8NaH0  =  FesSHO  +  4Na3SO^. 


/RON  AND   TIN  OXIDES. 

This  precipitate,  having  been  washed  free  from  the  soditim  sulphate^  i 
dried  at  a  temperature  of  lao"  F, : — 

Fej8HO  =  Fe304  +  4HjO. 

J^erri  exiium  magneliatm  is  a  brownish  black,  destitute  of  taste,  slrongln 
attracted  by  the  nn^net.  It  dissolves,  witliout  effervescence,  in  hydrochlorii 
xdd,  diluted  with  hairits  volume  of  water. 

{Far  aHaJyiii,  it*  Aulifr'i  Analftkal  Chtm^tij ,  /ntgr  <): 

A  simple  way  of  inakiDg  this  oxide  from  ferrous  sulphate  is  to  divide  th(, 
qoaotiiy  into  thirds.  Two  thirds  are  to  be  dissolved  iu  the  water,  aciduUtedfl 
with  sulphuric  acid,  and  then  heated  with  just  enough  nitric  acid  to  changefl 
it  lo  ferric  sulphate  {set  Ferric  Sulphate),  carefully  avoiding  excess.  'ITi 
renuining  one  third  having  been  dissolved  in  water,  the  solutions  are  to  b 
tntxcd,  and  precipitated  with  excess  of  li-iuer  soJm.  The  quantities  thui 
taken  ore  denved  from  the  e-quation,  which  shows,  that  of  the  total  iron  u'""^ 
two  atoms  are  in  the  fenic  and  one  in  the  ferrous  state. 

As  prepared  by  the  U.P.  process  the  oxide  is  not  pure,  but  contains  traces 
of  ferric  oxide,  wiiii  20  per  cent  of  combined  water. 

StAiraODS    HYDEATE   (Svus.   Slarmaus  Hydroxiitt.      Hydraled  Oxide  q 
Tin).    Formula,  Sn2H0. 

Is  a  white  precipitate  produced  by  potassium,  sodium,  or  ammoniui 
hydntie,  insoluble  in  excess  of  ammonium,  but  soluble  in  potassium  1 
sodium  hydrate.  On  boiling  the  solution,  a  black  precipitate  of  stannoui 
oxide  is  formed,  which  serves  to  distinguish  stannous  from  stannic  salts 
These  Utter  give,  with  potassium  or  sodium  hydrate,  a  white  precipitate  t 
stannic  acid,  soluble  in  excess,  the  solution  being  unaltered  on  boiling. 

STAKS0U3  OXIDE  (Svn.  Prvtoxide  cj  Tin).     Fonnala.  SnO.     Kolact 
Weight,  134. 

This  is  the  lowest  of  the  three  combinations  which  tin  forms  with  oxygcii,J 
two  of  which  form  hydric  salts  (acids).     It  is  the  base  of  stinnous  salts. 
Stannic  Oxide  (the  base  of  stannic  salts)    .        .  SnO,, 

Stannic  Sesquioxidc SnjO,. 

Stannic  Acid  (producing  stannatcs  of  metals)  ILSnOj. 

Meta-Stiumic  Acid    _ H"u,SdiOj,. 

In  stannous  salts,  tin  acts  as  a  dyad,  while  in  statmic  salts  it  exhibits  its 
fiiD  trtiad  atomicity.  Alkaline  stannates  are  prepared  by  fusing  stannic  oxidejl 
with  an  alkaline  hydrate,  and  .-ire  much  used  by  dyers.  Mela-stannic  acid  isl 
Hue  white  jiowder  produced  when  tin  is  trc.tted  with  strong  nitric  acid,  and  iam 
insolubk  in  all  acids  j  but  when  treated  with  alkaline  hydrates  it  yields:! 
m^atlannatrs.  ■ 

t.  StxnnoDj  Oxide  is  precipitated  by  boiling  a  solution  of  stannous  hydrats  I 
io  ciccw  i)(  potassium  hydrate.  I 

a.  Stonitic  Oxide  is  ptuduced,  like  line  oxide,  when  tin  is  burned  in  the  I 
air  at  a  hi^ti  lem[ierature,  and  is  produced  by  healing  strongly  either  stannic  1 
^  or  tneta-stannic  acids.      TWy  (or  futty)  fxnt'dtr  is  indifferently  stannic  oxide  T 
or  mcu  stannic  ncid,  and  is  used  as  a  polishing  |>owder.     Tin  is  estimated  in 
(his  form. 

3.  SUtuiio  Add  is  precipiutcd  by  alkaline  hydrates  &oin  stannic  salts,  «iid 
(he  prccipiuie  is  soluble  in  excess  of  the  hydrate.  ~ 


PLUMBIC  HYDRATE  (Svns.  Plumbic  hydrvxide. 
Formula,  Pb2H0. 


Hydmted  Oxide  cf  Lai^ 


i 
I 


A  white  precipitate,  caused  in  a  soluble  salt  of  lead,  by  potassium  or  sodium 
hydrate,  soluble  in  excess  of  the  precipitants.  Ammonium  hydrate  {^ves  a 
white  precipitate  with  salts  of  lead,  which  is  a  basic  compound,  and  is  not 
soluble  in  excess. 


PLUMBIC  OXIDE  (Svns.  Maauot.  Litharg^).  Formola,  PbO.  Molecnlar 
Weight,  233. 
Is  prepared  by  heating  lead  to  a  dull  redness,  in  contact  witli  the  air. 
Lead,  when  thus  treated,  does  not  burn  like  magnesium  or  zinc,  but  becomes 
coated  with  yellow  scales  of  PbO,  which  are  called  massicot.  These  scales, 
when  collected  and  fused,  aggregate,  and  change  to  a  sort  of  dull  reddish 
flesh  colour,  and  the  oxide  is  then  sold  as  litharge.  Like  the  light  and  the 
heav)-  magnesias,  these  oxides  are  similar  in  chemical  constitution,  only 
differing  in  weight  and  colour.  The  solvents  for  plumbic  oxides  are  dilute 
nitric  or  acetic  adds,  as  lead  forms  insoluble  sulphate  and  nearly  insoluUe 
chloride.    Lead  is  usually  estimated  in  this  form. 

[,For  aHulyiis,  i«  Aiiihor'i  Anmljtical  Cliemlstiy,  fsge  ga.) 


TBIPLUMBIC  TETBOXIDE  {^\^%.  Red  Lead. 
Molecular  Weight,  665. 


Miniu 


Formula,  PbjO, 


Is  formed  by  heating  litharge  to  a  low  temperature  for  several  hours,  in 
contact  with  the  air,  when  it  also  absorbs  oxygen,  and  becomes  a  dark  red 
mass,  which  on  being  pulverized  turns  scarlet.  The  powder  thus  produced^ 
a  mixture  of  two  molecules  of  plumbic  oxide  with  one  molecule  of  the  pla,  " 
peroxide  (Jiereafttr  described),  thus  : — 

2  molecules  PbO  =  Vhf>. 
I         „        PbO,  =  PbO, 


ucedg  — 
ili^^ti^H 


I  „    red  lead  ^  PbaO^ 

When  treated  with  dilute  nitric,  or  other  acids  having  the  power  „ 
solving  plumbic  oxide,  red  lead  is  decomposed,  the  peroxide  portion  def 
ing,  while  the  oxide  portion  dissolves  to  form  a  salt  of  the  acid  used.      {&e 
Feroxidfl.)      The  only  acids  capable  of  entirely  dissolving  red  lead  are  strong 
acetic,  phosphoriq  and  arsenic.      Heated  with  hydrochloric  add,   it  is  f 
resolved  into  plumbic  chloride  and  peroxide  ;  and  then  the  laRei  ia,  i 
mm,  dissolved,  with  the  production  of  chlorine. 

(For  aitalyds,  set  Authors  AniljOcal  Cbemiltrr. pagt  93.) 

PLUMBIC  ANHYDRIDE,  or  PLUMBIC  PEROXIDE    (Svn.  Puee  I 
Lead).     Formula,  PbO,,.     Molecular  Weight,  230. 

By  digesting  red  luad  with  dilme  nitric  acid,  at  a  gentle  heat, 
the  same  time,  plumbic  nitrate  in  solution. 

Pb30^  +  4HNO,  =  Pb03  +  zPbaNO,,  +  aHjO. 
The  action  takes  place  as  completely,  although  not  so  rapidly,  in  Ae  L-_ 
The  powder  thus  produced,  when  filtered  out,  washed,  and  dried,  is  of  a  pu3 
brown  colour,  and  is  a  powerful  oxidant.      Triturated  with  phosphorus  and 
manv  organic  substances,  such  as  sugar,  tartaric  and  citric  acids,  the  n  ' 


t£/iD  AND  BISMUTH  OXIDES. 


^o  fixe,  from  the  rapidity  with  which  PbOj  oxidizes  ihese   substances. 
BcitKt   with  hTdrochloric  acid,  it  yields  plumbic  chloride  and  free  ohlorine : — 

PbOj  +  4HC!  =  PbCI,  +  CI,,  +  jHjO. 
{For  analysis,  sa  Aulher's  Auiljticail  Cheiaittr;,  faqt^^^ 

w««lts  the  above  oxides,  a  suboxide  and  sesquioxide  of  lead  are  known,  J 
*<"1  th^  complete  list  is  as  follows  1^ 

Plumbous  or  Suboxide PbjO. 

Tlumbic  Oxide         .....  "'  " 

Plumbic  Peroxide 

Red  Lead 

Sesquioxide 

f»e  suboxide  is  prepared  by  healing  plumbic  oxalate  in  a  closed  vessel  Xo  I 
•  tcfn  perature  not  exceeding  400°  F.  :— 

2PbC30^=  PbgO  +  3CO5  +  CO. 


PbO. 
PbC. 
Pbjd^ 
PbjOj. 


BMBdJTHOUS  HYDRATE   (Svns.  Bismiilh  Hydroxide.     Hydraied  Oxide  oj   , 
JSivnuth).    Fonnnlft,  Bij6Ha 

Is     a  while  precipitate,  produced  in  soluble  salts  of  bismuth  by  alkaline 
Prorates,  inuilubU  in  excess  of  the  precipitant. 

^^*ltCTH0U8  OXIDE  (Svn.  Oxidt  cf  Bismuth).  Formula,  KjOg.  Mole-  | 
«5ii!ar  Weight,  4S8. 
'  ■>  is  i^  the  most  important  of  the  four  oxides,  the  first  three  of  which 
'??''"^^poiid  to  those  of  antimony.  A  dioxide,  BijO^  is  possibly  the  r^idica] 
*?*ir«*/^y,  ])iO,  in  the  free  state ;  though  antimonyl  (SbO)  is  not  so  known. 
^■"•^uibous  oxide  may  be  procured  by  heating  Bismulhi  Subnitras,  B.P. 
'™**»iithyl  nitrate,  BiONOj),  or  by  exposing  the  fused  metal  to  the  actioQ 

*^«^i:  air.      It  is  a  pale  yellow  powder,  fusing  at  a  red  heat,  solidifying  into  J 
*J'*^!o*  transparent  mass.     Bismuth  is  estimated  in  this  form. 
IStf  AufAnr'i  Aiul;ticBl  Chemjitry, /n^;  l6g.) 
.^Vccording  to  the  B.P.,  BismutAi  oxtdum  is  made  by  digesting  bismnOijl 
*"- **te  {Bismutki  svhnitras')  in  solution  of  BOdiom  hydrate.     It  directs  us  to 
^t    the  ingredients  and  boil  for  five  minutes  ;  then  having  allowed  the  oxide 
°     ^ul«i(lc,  dccint  the  supernatant  liquid,   wash  the  precipitate  thoroughly 
'*^**»  distilled  vra.lcr,  and  finally  dry  the  oxide  by  the  heat  of  a  water  bath.         . 
-^Hsmuthi  oxidum  is  a  dull  lemon-yellow  powder,      Heated  to  redness  it  1 
^^'^^oraes  deep  orange  but  is  not  diminished  in  weight.     It  is  insoluble  in  \ 
*^*«,  but  soluble  in  nitric  acid  mixed  with  half  its  volume  of  water. 
{For  anafyu's,  i«  AuUior's  Analytiod  Chemistry,  Jinge  93.) 
.  besides  the  impurity  of  silver   (a  test  for  the   presence  of  which  is  pro-  1 
"^'SwJ  by  the  B.P.),  bismuth  compounds  have  been  found  to  contain  traces  of  J 
©'^Id,  and  also  of  selenium  and  tellurium.     The  former  may  be  detected_  by  1 
_^»ting  a  little  of  the  compound  on  a  charred  match,  saturated  with  sodium  I 
'^'**'l»onaie,  and  held  under  a  cold  porcelain  plate,  when  a  red  film  will  be  I 
^^cd.     Generally  it  may  be  taken  that  any  sample  of  commercial  metallic  1 
"i*muib,  which,  after  dissolving  in  aqua  regia,  yields  a  black  or  red  precipitate  I 
*)i«i  excess   of  sulphurous  anhydride  is  passed  through  the  solution,  shovdd  I 
Hot  be  used  foi  making  the  othcial  salts  {Schachl). 


OXYGEN  AND  ITS  COMPOUNDS. 

B1S3CUTHIC  OXIDE.     FormTila,  fiijOj. 

Blight  red  in  colour,  and  acts  only  as  an  anhydiide. 

AHIIUOKIOUS  OXIDS  (Syns.  Oxide  of  Antimony.  AnHmottii  Oxidum. 
B.F.  Flares  Antimonii.  Argentic  flowen  of  Antimony).  Foimnla, 
SbjOj.    Molecnlar  Weight,  292. 

Obtained  by  precipiuting  antimonioiu  chloride  by  dilution  with  water,  and 

treating  the  precipitated  oxychloride  of  antimony  with  Bodiom  carboaaX. 

"The  reaction  is  : — 

raSbCla  +  isHsO  =  aSbCIj-sSbjOj  +  aoHCL 
aSbCla-sSbjOa  +  sNajCOs  =  6SbjO,  +  eNaO  +  3C0» 
Upon  drying  the  precipitate  at  a  higher  temperature  than  that  directed  li 
employed  (213°  F.).  it  forms  the  higher  antimony  oxides  by  union  with  < 
gen  derived  from  the  air.     These  are  insoluble  in  potassium  acid  1 
whereas  SbjO^  is  readily  dissolved  in  a  hot  solution  of  the  same. 

Antimonii  oxidum  is  a  greyish-white  amnrpheus  powder,  fusible  at  a 
heat,  and  volatile  in  a  dosed  vessel,  but  converted  by  beating  in  th 
SbjO^     It  is  insoluble  in  water,  but  readily  dissolved  by  hydrochloric  a 
and  by  yM«i'«^  sulphuric  acid.  It  dissolves  entirely  when  boiled  with  oav 
cess  of  potassium  acid  tartrate. 

{Far  analyiis.  sa  Aulher'i  Analytical  Chealltfy,  page  93.) 

The  colour  of  the  precipitate,  when  prepared   from  antimony  entireljj 
contaminated  by  iron,  is  pure  white.     It  fuses  readily,  and  is  soluble  io  ' 
sulphuric  acid.     It  is  also  formed  when  metallic  antimony  is  melted  ii 
cible,  the  lid  of  which  only  partially  excludes  the  air.      It  is  then  prodil 
in  a  crystalline  form  ;  and  is  readily  soluble  in  alkaline  hydrates,  fom 
antimonites.     Two  other  oxides  of  antimony  exist,  viz.,  antdmoniOBO-a 
oxide, — 

SbgO^  or  (SbnOj-SbnOj)  otherwise  Sb.Og, 

and  antimonic  oxide  (antimonic  anhydride)  SbjOj.    The  former  is  occa 

ally,  though  incorrectly,  denominated  antimonious  anhydride,  this  title  belot 

ing  to  SbjO,.     It  may  be  obtained  by  heating  either  of  the  other  oxides     ' 

one  case  oxygen  is  absorbed,  in  the  other  it  is  evolved.    Also  the  action  of  ^ 
nitric  acid  upon  metallic  antimony  forms  SbjO,. 

Antimonic  oxide  may  be  produced  by  heating  antimonic  hydrate  obtained 
from  the  action  of  nitric  acid  upon  antimony.  The  hydrate  also  results  from 
the  addition  of  water  to  antimonic  chloride,  and  from  the  precipitation  of 
potassium  or  sodium  antimoniate  by  an  acid.  FotasBinm  metantimoniate 
may  be  obtained  from  the  metal  by  the  fusion  of  antimony  with  polassium  , 
nitrate,  and  acting  upon  the  product  by  potassium  hydrate.  It  is  used.j 
analysis  for  the  precipitation  of  sodium  salts,  of  which  sodium  nietantimon 
is  the  least  soluble, 


CHEOWDM  forms  an  extensive  list  of  oxides  :- 


Chromous  Oxide . 
Chromic  Oxide    . 
Chromoso-Chromic  Oxide 
Chromic  Anhydride     . 
Perchromic  Aniiydride 


CrO. 

CfgO^ 

CrgO^. 
CrO,. 
Cr,Oj. 


CHROMIUM  OXIDES. 

^^HaOMC  HYDRATE  (Syns,  Chrome  Hydroxide.    Hydrated  Oxide  of  Chro- 
mium).    Foimula,  Crg6H0. 

U  a  bluish-green  precipitate,  produced  by  potassium,  sodium,  or  ammonium 
■lydmes,  in  soluble  salts  of  chromium.  It  is  soluble  ia  excess  of  the  precipi- 
^t.  if  cold,  but  is  entirely  deposited  on  boiling,  Cliromates  and  dichromates 
™  not  jrield  this  precipitate  until  reduced  to  chromic  sails  by  heating  with 
"yitoefiloric  acid  and  a  reducing  agent,  such  as  alcohol,  sulphurous  acid,  or  . 
■"'iilmrclted  hydrogen. 


<^KflOMODS  OXIDE.    Formula,  CrO. 

H.is  not  yet  been  isolated,  a 
^"Omoso-ehroraic  oxide. 


1  drying  its  hydrate,  it  is  decomposed  to 


''SKOinC  OXIDE.     Formula,  CtjOj. 

ft«  pared— 

'■   By  calcining  chromic  hydrate. 

*-    By  calcining  one  molecule  of  potassium  dichromate,  with  a  molecular  \ 
•oeht  of  sulphur :— 

aKjCfjO,  +  85  =  aCrgOj  +  jK,SO^  ; 

™|_'disso!viDg  out  the  potassium  sulphate  from  the  insoluble  oxide. 

(-hromic  oxide  is  a  green  substance,  which  when  carefully  prepared  will  I 
™3o!ve  in  acids,  but  when  heated  to  redness,  a  sudden  incandescence  runs  ] 
r^^'gh  the  mass,  and  it  is  then  insoluble  in  both  acids  and  alkalies.  'When  ] 
™*Y  *ith  alkalies  in  contact  with  the  air,  it  forms  a  chromate  of  the  alkali  I 
""P'oyed 

^'^^OatOSO-CHaOlCIC  oxide.    Pormnla,  Cr,0^. 

j^'^Pared  by  drying  chromous  hydrate  ij 
^^*^»  strongly  magnetic. 


*^*OJnC  AHHTDEIDE  (Syn.  Chromic  Add).     ForauU,  CrOj. 

;.    _ .  ^Jiarcd,  with  diffiuultj'.  by  decomposing  chromium  fluoride  with  water, 

'^O  prepared  by  decomposing  a  saturated  solution  of  potassium  dichro- 
"  -Wdth  sulphuric  acid  :— 

KgCr^Oj  +  sHgSO,j  =  aCrOj  +  aKHSO^  +  HjO. 


the  air.     It  is  a  snuff-brown  sub-  1 


Ii 


"«Ue  . 


TIm, 


chromic   anhydride  cr)-stalliz 


1  cooling,  in   brilliant,  dark-red 


p^^  dirhromate  and  sulphuric  acid,  is  used  for  that  purpose  in  the  B.P. 
f^^f*^/ation  of  valerianic  acid.  When  mixed  with  corobustibld  bodies  it  is 
^^j^.'^'Sed  to  the  basylous  state,  sometimes  so  quickly  as  to  cause  the  body  with 
(jjJJ*^li  il  is  mixed  to  burst  into  flame.  It  forms  a  series  of  salts  called 
tl,  ^«ii«te8,  having  for  their  acidulous  radical  CrO^,  acting  as  a  dyad.  By 
(^  Dillon  rjf  acids,  these  salts  yield  dichromates,  having  an  extra  molecule  of 
^^^^Biic  anhydride,  CrOj.  The  acid  radical  of  dichromates  may  therefore  be 
-  -*ten  CrjO-,  acting  as  a  dyad.  The  chromates  of  the  alkalies  are 'soluble, 
All  of  the  salts  of 


^  *V«  those  of  the  other  metals  are  chiefly  insolubii 
—  «imir.  —;,!  u....^  ...n.  'wilUant  colours, 


exceedingly  poisonotis. 


OXYGEN  AND  ITS  COMPOUNDS. 


FOTASSIini  CHSOMATE.     Formula,  E^CrO^  and 

POTASSIUU  DICBROICATE.    Formula,  E^CTjO;.     Kolecnlai  Veigbt,  a 

Are  prepared,  the  one  after  the  other,  like  nnanganales  and  permanganates, 
by  fusing  chrome  iron  ert,  FeCrjO^,  with  potassium  nitrate,  in  contact  with  the 
air.  In  practice,  however,  the  nitrate  is  now  dispensed  with,  and  the  chrome 
ore  is  simply  heated  with  potassium  carbonate,  in  contact  with  the  oxygen  of 
the  air,  in  a  rcverberatory  furnace,  the  powder  being  mixed  with  calcium 
oxide  to  prevent  it  fusing,  and  to  form  a  spongy  mass,  which  more  readily 
I  absorbs  the  oxygen  : — 

4FeCrjO^  +  SKgCOj  +  70,  =  8KjCr04  +  aFe^Os  +  SCOc 
The  mass  is  then  treated  with  water,  which  dissolves  out  the  pota 

■  chromate,  producing  a  bright  yellow  solution.     This,   when  acidulated  i 

■  sulphuric  acid,  turns  orange,  and  on  evaporation  deposits  crystals  of  potai 
1  didiromate, — 

jKjCrO,  +  3HsS0«=  KsCrjO^  +  2KHS0^+  HgO. 

Tile  B.P.  thus  describes  Potassa  bichromas :— 

In  large,  red,  transparent,  four-sided  tables  ;  anhydrous ;  fuses  below  1 

'  ness;    at  a   higher   temperature   is   decomposed,   yielding  green   Oxidi|^_ 

chromium  and  yellow  chromate  of  potash,  which  may  be  separated  by  * 

solving  the  tatter  in  water.      If  dissolved  in  water,  and  the  solution  dige4 

with  sulphuric  acid  and  rectified  spirit,  it  acquires  an  emerald-green  coloi 

{For  aiafy/is,  lec  AulAcv's  Analytical  Chemiitry. /o^'f  94. ) 

1/ potassium  dichromale  be  heated  with  sulphuric  acid  and  sodium  dllM 
a  product  is  formed  having  the  formula  CrOjClj,  which  is  termed  chl 
chloride,  or  (improperly)  chlorochromic  acid.     It  is  produced  thus: — 

KjCrjO,  +  3H3SO4  +  4NaCI  =  aCrOgCia  +  KjSO^ -t-  2NssSO,+3R,q 

It  is  decomposed  by  water  into  chromic  and  hydrochloric  acids  ;  but  bjf^ 
action  of  hydrates,  salts  may  be  formed,  which  are  yellow  or  orange  in 
(Fffr  lists  for  Ckhtinc  in  the  pracnic  ef  Bromidis,  sec  Author's  Analytical  Chemistry, 

Chromyl  chloride,  which  is  also  frequently  known  as  chlorochromic  a 

dride,  forms  no  salt  of  pharmaceutical  value.     Potassium  dichromate  ] 

.  powerful  direct  oxidiier,  and  in  presence  of  excess  of  acid  it  raises  iron  | 

I  the  ferrous  to  the  ferric  state.     One  molecule  of  this  salt  has  the  powi" 

convert  six  molecules  of  a  ferrous  salt  in  this   manner.     Thus  with  f 

chloride  and  hydrochloric  acid  : — 

eFeClj  +  14HCI  +  KjCrjO,  =  3FeXlo  -H  CraCla+sKCI  +  7HaO. 
Or  with  sulphate  and  sulphuric  acid  : — 
6FeS0i  +  rHsSO^  -H  KjCrsOy=  sFcjaSO,  -i-  Cr„3S0,  -^  KjSO,  -H  7H,^ 
It  is,  therefore,  used  in  the  B.P.  for  the  volumetric  estimation  of  iron, 
{Ste  /iH/*o;-'j  AnalyttoU  Chemiitry./a^;  158.) 


AAaEimC  CKROUATE.    Formula,  Ag^CrO^ 

A  bright  carmine-red  precipitate  obtained  by  treating  a  neutral  solutions 
argentic  nitrate  willi  potasainm  chromate,  It  is  used  as  an  indicator  m  the 
volumetric  analysis  of  soluble  chlorides,  because  it  will  not  form  until  the 
whole  of  the  chlorine  present  has  been  precipitated  as  argentic  chloride. 
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FLUXBIC  CHBOXATE  (Syn.  Chrome  Yellow).    Formula,  PbCrO^. 

Is  found  native  under  the  mineralogical  name  of  croco'isite.  It  is  produced 
by  precipitating  a  soluble  salt  of  lead  with  potassium  chromate.  It  is  in- 
soluble in  water,  and  only  very  slightly  so  in  dilute  acids.  It  is,  however, 
rapidly  dissolved  by  solution  of  potassium  hydrate.  Digested  with  strong 
hydrochloric  acid,  it  yields  a  deep  red  liquid  which  smells  strongly  of  chlorine, 
and  possesses  the  power  of  dissolving  gold.  {See  Chromic  Chlorides.)  The 
use  of  excess  of  the  lead  salt  in  the  manufacture  of  chrome  yellow  causes  the 
formation  oi  orange  chrome. 

BISKUTHOUS  CHROMATE.    Formula,  BisSCrO^. 

A  yellow  precipitate  produced  by  treating  a  solution  of  a  soluble  bismuthous 
salt  with  potassium  chromate.     It  is  readily  soluble  in  dilute  nitric  acid. 

PEBCHBOinC  ANH7DSIDE.    Formula,  Cr^O^. 

Is  a  deep-blue  liquid  caused  by  the  action  of  hydric  peroxide  upon  chromic 
add. 

(5)flf  Author's  Analytical  Cliexiilstzy,/^^^  73.) 


CHAPTER    VII. 
SULPHUR  AND  ITS  COMPOUNDS. 


SULPHUR  (Syns.  Sulphur  Vivum.  Brimstone),  Symbol,  S.  Atomic  Weight, 
32.  In  the  free  state,  Sj  or  S^.*  Vapour  Density,  referred  to  air, 
2*22.    Vaponr  Density,  referred  to  Hydrogen^  32. 

This  element  is  found  native  in  th^  free  state,  in  yellow  masses,  having  a 
crystalline  structure.  It  is  also  extensively  spread  over  the  earth,  combined 
with  metals,  in  the  form  of  pyrites  and  similar  sulphides.  It  exists  in  animal 
tissues,  urine,  blood,  and  in  die  volatile,  oils  of  many  plants,  especially  those 
of  the  Allium^  or  onion  class.  Free  native  sulphur  is  chiefly  found  in  the 
volcanic  regions  of  Italy,  Sicily,  and  Mexico.  It  is  purified  by  distillation  in 
rude  earthen  pots,  placed  in  a  furnace,  and  communicating  with  similar  pots, 
outside  the  furnace,  from  which  the  distilled  sulphur  runs  into  water.  As 
thus  obtained,  it  is  in  masses,  called  rough  sulphur. 

These  masses  are  further  purified  by  redistillation,  or  sublimation,  to  form 
the  various  commercial  varieties,  which  are  as  follows  : — 

1.  Roll  Snlphnr,  prepared  by  conveying  the  vapour  from  the  retorts  into  a 
receiver,  so  heated  that  the  distillate  is  retained  in  a  state  of  fusion,  whence  it 
is  cast  into  moulds  to  solidify. 

2.  Sublimed  Sulphur,  produced  when  the  vapour  from  the  retorts  is  allowed  . 
to  pass  into  a  large  cool  chamber,  on  the  walls  of  which  the  sulphur  collects 
as  a  sublimate.  This  is  the  B.P.  Sulphur  Sublimatum^  which  is  thus  described : — 

A  slightly  gritty  powder,  of  a  fine  greenish-yellow  colour,  without  taste,  and 
without  odour,  unless  heated ;  burning  in  open  vessels  with  a  blue  flame,  and 
the  evolution  of  sulphurous  anhydride.  Entirely  volatilized  by»  heat,  and 
when  examined  under  the  microscope  is  seen  to  be  crystalline. 

(For  analysis  atid  impurities^  see  Author^ s  Analytical  Chemistry,  page  97.) 

Sulphur  may  also  be  prepared  by  heating  iron  pyrites  in  a  closed  retort, 
when  part  of  the  sulphur  is  liberated,  and  distils  over,  a  residue  of  ferroso- 
ferric  sulphide  being  left  in  the  retort : — 

sFeSg  =  FegS^  +  S3. 

Native  sulphur  does  not  as  a  rule  contain  arsenic,  but  that  obtained  from 
pyrites  is  frequently  contaminated  by  arsenious  sulphide  (AS2S3). 

Sulphur  is  fusible,  and  volatile  without  change,  in  the  absence  of  oxygen  ; 
but  when  heated  in  contact  with  the  air,  it  takes  fire,  and  produces  sulphurous 
anhydride.  In  the  native  state,  or  when  deposited  from  its  solution  in  carbon 
disulphide,  it  crystallizes  in  octahedra  (diamond  shape)  ;  but  when  fused  and 
cooled,  it  crystallizes  in  prisms  (needle  shape).    It  is  a  very  pretty  experiment 


*  At  1832"  F.  sulphur  vapour  has  the  specitic  gravity  which  it  should  have,  if  we  regard 
its  recognised  atomic  weight.  At  932**  F.,  however,  its  density  is  three  times  as  great,  thus 
making  its  molecule  S«,  as  above. 


SULPHUR.— SULPHUR  PRECtPITA  TUM. 

to  melt  some  sulphur  in  a  covered  crucible,  and  then  set  it  on  a  stone  to  ci 
for  a.  few  minutes.     Before  it  is  qviiie  cold,  the  crust  at  the  lop  is  to  be  brokq 
aod  the  sulphur  which  still  remains  fluid  having  been  poured  out,  the  insid 
of  the  crucible  will  be  found  incrustcd  with  mngni&cent  needles  of  ciystallisT 
sulphur.     Another  very  interesting  experiment  is  to  heat  some  sulphur  in 
tube,  into  which  a  thermonieter  has  been  introduced,  and  walch  the  efTeC 
At  234^  F.  it  becomes  a  straw-yellow  liquid,  as  thin  as  water.      At  482°  L 
it    ttiickcns,    and  becomes   a  brownish-red  plastic  mass;  and   this  ihickd 
ing  continues,  so  that  the  tube  may  even  be  inverted  without  its  conteaL 
running  out,  until  the  temperature  touches  788"  ]''.,  when  it  again  bcconiH 
fluid,  and  finally  boils  at  814"  F.,  giving  a  red  vapour  having  a  density  of  $4 
(referred  to  air).     Sulphuris  soluble  in  turjientine  and  carbon  disulphidc,  ai^ 
slij^htly  so  in  alcohol,     There  is,  however,  a  variety  called  plutic  sslpbu 
whicli  is  not  soluble  in  these  menstrua.     It  is  prepared  by  melting  sulphur  tl 
it  begins  to  thicken,  and  suddenly  pouring  into  cold  water.     This  curiot 
mudiiication  is  elastic  and  tenacious,  but  quickly  posses  back  into  ordinal, 
sulphur  by  exp(»ure  to  the  air  for  an  liour  or  two.     During  the  conversion  0 
public  into  ordinary  sulphur,  which  takes  place  rapidly  at  an"  !■'.,  a  laigi 
Amount  of  latent  heat  is  evolved,  and  the  thermometer  instantly  rises  to  130°  |^^ 
From  tliese  facts  it   is  apparent  that   sulphur,  like  oxygen,  is  an  allotTO|Mr'^ 
body.     There  exists  still  another  variety  of  sulphur,  which  is  entirely  isasa, 
phou^  vii,  : — 


SULPHUR  PEECIPITATUIJ,B.  P.    {Sms.  L^uSulfhuris.    Milk  of  SutpkiA 

Ls  [irejiarcd  by  boiling  sulphur  with  calcium  hydrate  and  water,  wbcnjj 
^molvcs,  forming  a  deep-red  solution  of  calcium  pcniasulphiJe  and  cakiuf 
hfpoculphitc : — 

jCajHO  +  6Sj  =  aClaSs  +  CaSjOj  +  sHjO. 
Tbe  solution,  having  been  Altered,  is  treated  with  hydrocUorio  add,  wfan 
fonns  calcium  chloride,  and  deposits  sulphur pmipitatum  : — 

aCaSi  >  CaSjO,  +  6UCI  -  6Sj  +  sCaCl,  +  3H,0. 
By  many  chemists  a  more  complicated  view  is  taken  than  is  expressed  in  fl 

3 nation.     It  js  supposed  that  the  hydrochloric  acid  decomposes  the  jieiu 
phidct  partially  giving  off  sulphuretted  hydrogen,  and  depositing  sulphur  > 
4CaSi  +  8HC1  =  4CaClj  +  8S,  +  48,8. 
Al  the  same  time,  it  acts  on  the  hyposulphite,  to  form  sul])hur  and  sulphui 
anhydride ; — 

aCaSjO,  +  4Ha  =  aCaCl,  +  Sj  -i-  aSO,  +  iH.O. 
TlieM  two  reactions  taking  place  simultaneously,  the  sulphuretted  liydi 
tad  KilphuTuus  anhydride,  instead  of  being  entirely  evolved,  react  ujiou  ea< 
Other,  and  deposit  ihe  whole  of  their  sulphur : — 

4H,S  +  3S0,=  4H,O-i.3Sa. 
Il  13  also  possible  to  regard  the  reaction  as  a  combination  of  sulphur  n 
caloyi,  CaO,  thus  :— 

aCaiHO  +  S,=  iCaOS  +  aH,0. 
And  the  Kubscqucnl  decomposition  of  this  body  by  hydrochloric  acid,  foni 
water,  calcium  chloride,  and  sulphur,  thus : — 

aCaOS  ^  4Ha  =  S,  +  iCaClj4-  aHjO. 
This  is  considerably  the  simplest  manner  of  representation.     How  l^r  it  | 
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'direct,  cannot  be  yet  thoroughly  determined.     It  wUl  be  seen  that  the  mode 
oCfonnation  resembles  that  of  calcyl  chloride,     {&;  Call  Chlorata,  B.P.) 

Sulphur  precipitatum  is  a  greyish-yellow,  soft  powder,  free  from  grittinesa 
and  from  the  smell  of  sulphuretted  hydrogen.  When  healed  in  an  opa 
vessel,  it  burns  with  a  blue  flame  and  the  evolution  of  sulphurous  add  gaa 
Entirely  volatilized  by  heat,  showing  absence  of  calcium  sulphate.  Under  th 
microscope  it  is  seen  to  consist  of  opaque  globules  without  any  admixtnre  oH 
crystalline  matter,  also  showing  absence  of  calcium  sulphate  and  sablim 
sulphur. 

\Fiir  analysis  sec  Author's  Anilftinl  Clicmlttrj,  pagt  97.] 

It  is  still  a  common  custom  of  trade  to  make  this  substance  by  the  oM 
London  formula  of  ijzi,  i.^.,  by  using  sulphuric  instead  of  hydrochloric  acra 
as  the  precipitant.  This  causes  the  formation  of  calcium  sulphate,  whici 
being  nearly  insoluble  in  water,  deposits  with  the  sulphur,  causing  an  adulte 
aled  product  of  considerable  profit  to  the  manufacturer.  Public  opinion,  l 
must  be  admitted,  is  in  favour  of  the  appearance  of  this  article. 

The  B.P.  test  of  burning  on  the  point  of  a  knife  is  sufficient  to  detect  thJ^ 
adulteration ;  but  to  ascertain  its  quantity,  a  weighed  portion  of  the  sampIsV 
should  be  ignited  in  a  tared  porcelain  crucible,  and  the  residue  again  weighed, 
and  its  weight  calculated  to  that  of  crystallized  calcium  sulphate  by  the  for- 
mula— 

-— g =  amount  of  CaSOjaHjO  in  the  sample. 

Sulphur  combines  directly  with  basylous  radicals  to  form  salts  called  Bi 
They  are,  with  the  exception  of  the  alkaUne  and  earthy  sulphides,  < 
insoluble  in  water  ;  and  a  lai^c  number  of  them  are  found  native. 

A  remarkable  analogy  exists  between  sulphides  and  oxides,  an  instance  fl 
which  may  be  seen  by  comparing  the  equation  just  given  for  the  mar 
of  sulphur  from  pyrites  with  that  for  the  production  of  oxygen  from  n 
dioxide  by  heat. 

sFeSj   -Fe^S,    +  Sj. 
SMnOa  =  MnjO^  +  Oj. 

But  it  is  not  in  such  similarity  in  their  reactions  alone  that  the  close  relatioi^ 
ship  of  sulphur  and  oxygen  are  apparent,  because  we  find  that  the  former 
acting  as  a  dyad,  can  displace  the  latter  from  its  compounds  atom  for  i 
The  class  of  bodies  thus  formed  are  called  sulpho-salts,  and  correspoi 
formulsB  10  the  ordinary  oxy-salts,  but  with  S  displacing  0.    The  follow: 
table  will  make  the  matter  clear  i — 

Hydrogen  Oxide.  H^O,  corresponds  to  H„S,  Hydrogen  Sulphide, 
Ammonium  Hydrate,  NH^HO,  corresponds  to  NH.^HS,  Ammonium  SuH 

lihydrate, 
Ethyl  Hydrate,  C^HsHO,  corresponds  to  CjHcHS,  Ethyl  Sulphydrate. 
Carbon  Dioxide,  COj,  corresponds  to  CSj,  Carbon  Disulphide. 
Sodium  Arsenite,  NajAsOg,  corresponds  to  NajAsSj,  Sodium  Sulpharsenit^ 
Disodium    Hydr'    Antimonite,    NajHSbOa,    corresponds    to    NajHSb^ 

Disodium  Hydro-Sulphantimonite, 


I 


SULPHURETTED  HYDROGEN. 


METALLIC   SULPHIDES. 

ttTDROOEH  80LPHIDB    (Svns.  Sulpliuretted  Hydrogen.   Hydro-Sulpkuri~ 

Add.      Sulphydric   Add).      Formula,    H^S.    Molecular    Weight,    34. 
J>ensit7,  referred  to  Hydrogett,  17.     Density,  referred  to  Air,  1-178. 

This  is  a  colourless,  invisible  gas,  having  the  most  disagreeable  (xlour  of 
rotten  eggs.  It  corresponds  in  formula  to  water,  with  the  O  displaced  by  S, 
and  may  be  produced  by  burning  hydrogen  in  the  vapour  of  sulphur  : — 

aHj      +     Sj      =aHjS. 
4  vols.  +  a  vols.  =  4  vols. 

It  is  found  in  many  mineral  waters,  notably  those  of  Harrowgatc,  in  Vorit- J 
shire,  and  Moffat,  in  Scotland,  such  waters  being  termed  hepatic.  In  practice" 
it  is  prepared  by  acting  on  ferrous  sulphide  with  dilute  sulphuric  acid  : — 

FeS  +  HjS04  =  FeS04  +  HjS. 

Or  by  heating  native  antimonious  sulphide  with  strong  hydrochloric  acid  :- 

SbjSj  +  6HC1  =  zSbClj  +  3HsS. 

Tlie  fonner  process  is  the  common  one  in  use  in  laboratories ;  but  the  latter," 
although  more  expensive,  is  very  suitable  for  occasional  use,  as  the  moment 
the  source  of  heat  is  withdrawn,  the  evolution  of  the  gas,  and  consequently 
the  attendant  smell,  ceases. 

When  inflamed  in  a  free  supply  of  air,  it  burns  with  a  lambent  flame,  formj 
tng  sulphurous  anhydride  and  water, — 

2HjS+  30g=2SO3-f  zH,0. 

By  cold  and  pressure  it  can  te  liquefied,  and  by  extreme  cold  it  may  t 
rendered  solid.  It  is  very  soluble  in  water,  and  the  saturated  solution  whicl 
is  used  in  analysis  is  prepared  by  passing  the  gas  into  water  until  absorptioi 
ceases.  One  pint  of  water  will  dissolve  about  three  pints  of  the  gas.  T' 
solution,  if  exposed  to  the  air,  does  not  keep  well,  but  becomes  milky,  owi 
10  the  deposit  of  its  sulphur, — 

2HjS  +  0j-iH,0  +  Sj; 

and  thus  it  must  be  freshly  made  when  required  for  use. 

The  hydrogen  of  this  acid  may  be  replaced,  either  entirely  or  partly,  i 
tneials.  giving  rise  to  sulphides  or  sulphydrates,  corresponding  to  oxides  ana 
hydrates ;  thus — 

(NHj)jS  =  Ammonium  Sulphide. 

NHjHS  =  Ammonium  Sulphydrate. 

Seeing  that  sulphydrates  bear  a  great  resemblance  to  hydrates,  and  that 
H^  (hydrosulphyl)  has,  like  hydroxyl,  been  obtained  in  the  free  stale;  it 
follows  that  HS  may  form  the  radical  of  sulphydrates.  With  this  idea  in 
view,  it  has  been  proposed  to  term  sulphydrates  "sulphyWM."  This  name, 
however,  does  not  appear  to  have  any  great  recommendation  in  its  favour, 
as  a  .ilight  clerical  error  might  convert  it  into  sulphide ;  and  its  adoption 
would  require  that  hydrates  should  be  called  "  hydroxyWw."  Sulphydrates 
might  however  be  called  "sulp hydrides." 

With  many  metals  sulphuretted  hydrogen  forms  insoluble  precipitates,  a 
(act  of  great  use  in  analysis,  as  it  serves  to  divide  the  metals  into  four  groups, 
as  foil  OWE  : — 


no 
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Sulphuretted  Hydrogen  Reactions. 


I. 

Metals  precipi- 
table  by  H^S 
in  presence 
of  an  acid 
(HCl),  and 
also  by  HoS 
in  presence 
of  an  alkali 
(/>.,  insoluble 
in  NHJiS). 

Silver     ' 

Mercury 

Lead        S-  Black, 

Bismuth 

Copper  _ 

Cadmium — 
Yellow. 


11. 

Metals  precipi- 
tated by  HjS 
in  presence  of 
HCl,  but  not 
in  presence 
of  an  alkali 
(/>.,  soluble 
in  NH^HS). 

Antimony — 
Orange. 

Tin — Brown  or 
Yellow. 

Gold         ") 

Platinum  ) 
Also  the 

Metalloid  Arsenic 
—  Yellow. 


Black. 


HI. 

Metals  not  af- 
fected by  HgS 
in  presence 
of  HCl,  but 
precipitated  in 
presence  of 
an  alkali  (/.^., 
by  NH4HS), 

Iron      ) 

Nickel  \  Black. 

Cobalt  j 

Zinc —  White. 

Manganese — 
Flesh  Coloured. 


The  following 
are  also  pre- 
cipitated by 
NH^HS,  but 
not  as  Sul- 
phides. 

Aluminium — 
White  Hydrate. 

Chromium— 
Green  Hydrate. 


IV. 

Metals  not  af- 
fected by 
HgS,  either 
in  acid  or 
alkaline  solu- 
tions. 

Calcium. 

Barium. 

Magnesium. 

Ammonium. 

Potassium. 

Sodium. 

Lithium. 


{^For  further  information^  see  Author's  Analytical  Chemistry,  Chapter  H.) 

Equations  for  all  these  reactions  should  be  drawn  by  the  student  like  the 
following  examples  : — 

1.  With  a  monad  metal : — 

2AgN03  +  H2S  =  AgoS  +  2HNO3. 

2.  With  a  dyad  metal : — 

CuSO^  +  HgS  =  CuS  +  H2SO4. 

3.  With  a  triad  metal : — 

2Bi3N03  ^  3H2S  =  BioSg  +  6HNO3. 

4.  In  presence  of  an  alkali  (/.^.,  with  NH^HS): — 

FeSO^  ^  NH4HS  =  FeS  +  NH^HSO^. 

Sulphuretted  hydrogen  is  decomposed  by  all  oxidizing  agents,  whether 
direct  or  indirect,  the  reaction  being  attended  by  the  deposit  of  sulphur. 
Thus  with  chlorine,  bromine,  or  iodine,  an  acid  is  formed  and  sulphur 
deposited : — 

2H2S  +  2Cl2=-4HCl  +  S2. 

With  potassium  chromate  or  dichromate  in  the  presence  of  an  acid,  sulphur 
is  deposited,  and  the  solution  becomes  green,  owing  to  the  formation  of  a 
salt  of  chromium  :  — 

2K2Cr04Cr03  +  16HCI  +  6H3S  =  2CroCle  +4KCI  +  3S2  +  14H2O. 


AMMONWM  AND  POTASSIUM  SULPHIDES. 

In  the  same  way  potassium  permanganate  is  decotorixed,  with  the 
depositum  of  sulphur,  and  likewise  ferric  salts  arc  reduced  to  ferrous,  alao  with 
picctpitation  of  sulphur  : — 

jFcjClg  +  2H3S  =  4FeClj  +  4HCI  +  S,. 

Sulphurous  anhydride  itself  is  deoxidized  by  sulphuretted  hydrogen  : — 


AHHONTUK  SULPHIDE.    Formula,  (1^^)38. 

I    by   dividing   some    ammonium  hydrate  into  two   equal    parts.  ' 

■  il  hydrogen  is  passed  through  one  portion  until  absorption  ceases, 

ijiis  are  mixed.     The  solution  thus  obtained  has  a  faint  ETeenish- 

■  liur  and  a   disgusting  smell   of   ammonia  gas    and  rotten  e^s. 

Exfo-i::!  to  the  light,  it  quickly  becomes  yellow,  and  changes  to  ammonimn 

nlphydrate,  NH,HS.     This  latter  is  the  usual  laboratory  solution,  and  it  is 

tolerably  permanent ;  but  by  a  few  months'  "exposure  it  changes  to  higher 

sulphides,  and  then  becomes  entirely  decomposed  into  ammonic  sulphite  and 

sulphate,  and  deposits  sulphur.     It  is  used  when  sulphuretted  hydrogen  is  to 

be  employed  in  an  alkaline  solution.    Several  sulphides,  notably  those  of 

arsenic  and  antimony,    are   soluble   in    this    solution,    forming   ammonium 

nilpharsenite  or  sulphantimonite,  and  evolving  sulphuretted  hydrogen  : — 

AS(^3  +  6NH,HS=  iCNH^IjAsS^  +  jHjS. 

SbjSj  +  6NH^HS  =  2(NH  JjSbS,  +  sHgS. 
This  property  distinguishes  As,  Sb,  Sn,  Au,  and  Ft  from   all  other  metal^ 
pcecipitable  by  sulphuretted  hydrogen  in  an  acid  solution,  the  remainder 
being  insoluble  in  ammonium  sulphydrate.     Acids  decompose  the  solution  0 
sulphydnte  with  Lberation  of  sulphuretted  hydrogen.     It  should  not  giv( 
any  visible  reaction  with  magnesium  sulphate  added  in  excess,  showing  theJ 
absence  of  free  ammonium  hydrate.     The  direct  combination  of  ammoni 
gas  and  sulphuretted  hydrogen  takes  place  when  mixed  gases  are  cooled  t 
about  o"  F.,  the  salt  being  obtained  in  colourless  crystals.     These  may  be" 
voktblized  or  dissolved  without  decomposition,  and  are  not   formed  if  the 
ten^KTSture  of  the  mixure  be  reduced  to  below  0°  F.     If  the  ammonia  gas 
be  in  excess,  ammonium  sulphide  results  {provided  the  temperature  be  below 
o'F.),  also  forming  colourless  crystals,  which,  if  raised  slightly  in  temperature,  1 
decompose  into  ammonium  sulphydrate  and  ammonia  gas. 


P0TA8SIDM  SULPHIDE  (Svns.  Fotassa  SulpAurata.  Lher  of  Sulphur). 
PotaMium  forms  five  distinct  compounds  with  sulphur,  KjS,  KjS^  K,gSj, 
K^^  KjSj.  The  Pharmacopceia  compound,  polassa  sulphurata,  is  an  in- 
definite mixture  of  these  compounds,  according  to  the  amount  of  sulphur  and 
degree  of  heat  employed.  It  is  prepared  by  fusing  sulphur  with  potassium 
carbonate.  If  the  heat  be  moderate,  the  B.P.  proportions  will  act  somewhat 
as  follows :  — 

3K,C0a  -I- 4S,  =  aKjSj  +  K3S3O3  +  3C0» 
formbig  potassium  trisuiphide  and  hyposulphite ;  but  if  a  stronger  heat  bea 
applied,  the  latter  salt  is  decomposed,  and  we  have  a  mixture  of  sulphide  a--** 
solpbale : — 

4KjCOs  +  583=  sKnS,  +  K,SO^  -f-  aCO^. 
The  substance  is,  however,  never    definite,  and   usually  contains  undecoin 
)  potasshim  carbonate.     It  is  best  to  put  a  small  quantity  of  the  mixec 
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potassium  carbonate  and  sulphur  into  the  crucible  at  the  commencement  of 

the  process.    When  this  is  fused,  and  not  before,  a  larger  quantity  is  added; 

and  thus  successive  portions  are  treated  until  the  whole  is  in  a  state  of  tranquil 

fusion.     The  moment  the  whole  is  cooled  and  solidified,  it  is  broken  up,  and 

transferred  into  previously  heated  wide-mouthed  bottles. 

Good  potassa  sulphurata  should  be  in  solid  greenish  fragments,  externally 

liver-brown  when  recently  broken,  alkaline  and  acrid  to  the  taste,  forming  a 

yellow  solution  with  water,  which  has  the  odour  of  sulphuretted  hydrogen,  and 

evolves  it  freely  on  dropping  into  it  excess  of  hydrochloric  acid,  sulphur  being 

deposited. 

{For  analysis^  see  Authot's  Analytical  Qkm^Mxj'i page  97.) 

When  exposed  to  the  air,  liver  of  sulphur  becomes  moist  and  greenish, 
owing  to  the  oxidation  of  the  sulphide  to  hyposulphite  and  sulphite,  and 
finally  an  inert  white  mass  is  lefl,  containing  nothing  but  potassium  sulphate 
with  a  few  impurities,  such  as  undecomposed  carbonate  and  deposited  sulphur. 
The  B.P.  supposes  that  liver  of  sulphur  is  usable  so  long  as  it  contains  three- 
fourths  of  its  weight  of  KgS,,  ascertained  by  extraction  with  spirit,  in  which 
that  substance  is  soluble,  while  carbonates  and  sulphates  are  not  afifected. 

ABQEimC  SULPHIDE.    Formnla,  AgjS.     Kolecnlar  Weight,  248. 

Is  found  native  as  silver-glance  or  argentine,  and  may  be  formed  by  fusing 
silver,  with  an  excess  of  sulphur.  When  precipitated  from  silver  solutions  by 
sulphuretted  hydrogen  it  is  a  blackish  powder,  insoluble  in  dilute  acid  and 
alkalies ;  but  soluble  in  strong  boiling  nitric  acid,  sulphur  being  deposited. 
It  is  also  insoluble  in  potassium  cyanide. 

ZINC  SULPHIDE.    Formula,  ZnS.    Molecular  Weight,  97. 

Found  native  as  blende,  and  cannot  be  formed  by  direct  fusion  of  zinc  and 
sulphur.  When  precipitated  from  a  solution  of  zinc  by  ammonium  sulphy- 
drate,  it  is  a  white  substance  readily  soluble  in  dilute  acids,  and  oxidizing 
rapidly  by  exposure  to  the  air.  It  is  not  precipitable  by  sulphuretted  hydrogen 
in  the  presence  of  hydrochloric  acid,  neither  is  it  soluble  in  dilute  acetic  acid, 
which  latter  property  enables  us  to  distinguish  it  from  manganous  sulphide. 

CADMIUM  SULPHIDE  (Syn.  Jaune  brillant).    Formula,  CdS.    Molecular 
Weight,  144. 

Is  found  in  Scotland  as  Greenockite,  and  only  formed  with  difficulty  by 
direct  fusion  of  the  metal  and  sulphur.  When  precipitated  by  sulphuretted 
hydrogen  in  the  presence  of  very  dilute  hydrochloric  acid,  it  is  yellow ;  and  on 
being  filtered  out  and  heated  to  redness,  it  turns  first  brown  and  finally  red. 
It  is  easily  soluble  in  boiling  strong  hydrochloric  acid,  and  in  nitric  acid.  In 
the  first  case  sulphuretted  hydrogen  is  copiously  evolved,  and  in  the  second 
sulphur  is  deposited.  Cadmium  sulphide  is  insoluble  in  ammonium  sulphy- 
drate,  which  serves  to  distinguish  it  from  arsenious  and  stannous  sulphides. 
It  is,  however,  soluble  in  ammonium  hydrate. 

CUPROUS  SULPHIDE.    Formula,  Cu^S. 

Occurs  as  a  constituent  of  copper  pyrites,  Cu^SFegSj,  and  native  as  copper 
glance.  It  may  be  formed  artificially  by  triturating  finely-divided  copper  with 
the  proper  proportion  of  precipitated  sulphur  in  a  warm  mortar,  when  the  heat 
evolved  is  so  great  that  the  whole  mass  becomes  red-hot.    By  digestion  with 
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dilute  and  cold  oiLric  acid  it  is  partly  dissolved,  and  partly  changed  to  cupi 
ralphide. 

CITPBIC  SULPHIDE.    Formula,  CaS.    Holeotdar  Weight,  96-6. 

FoiiimJ  as  in,ii\^'  cn/'^er,  or  hlui-  wpper.  When  precipitated  from  a  solution  \ 
copper  Ly  sulphuretted  hydrogen  ii  is  brownish  blatk,  and  is  in»>]uble  bo| 
ID  dilute  acids  and  in  alkaline  suljihides,  but  rapidly  dissolved  by  s 
healed  nitric  acid,  and  slowly  by  concentrated  hydrochloric  acid.  It 
rapidly  oxidizes  on  exposure  to  the  air,  forming  cupHc  sulphate.  As  it  j 
Ven,-  slightly  but  still  distinctly  soluble  in  ammonium  sulphydrate,  it  is  bett« 
to  use  sodium  sulphide  for  the  separation  of  the  metals  of  the  second  grouttj 
when  the  presence  of  a  small  trace  of  copper  is  suspected. 

KERCUSOnS  SULPHIDE.    Formtila.  Hg^. 

It  is  doubtful  whether  this  body  really  exists  as  a  definite  compound,  s 
chemists  pttfetring  to  view  it  as  a  mixture  of  mercuric  sulphide  and  mcrcuij 
II  is  precipitated  from  solution  of  merciirous  salts  by  sulphuretted  hydrogen.' 

MXKCtmiC  SULPHIDE.    Formula,  HgS.    Xolecular  Weight,  233. 

Is  known  in  two  forms — a  red  and  a  black.  The  red  variety  is  foul, 
native  as  annaiar;  and  when  it  has  been  reduced  to  a  very  fine  slate  ij 
divi^on  it  constitutes  the  beautiful  red  pigment  called  vermilion.  In  tl 
'black  form  it  is  produced  either  by  triturating  mercury  with  sulphur  ( 
prrcip [tilling  a  mercuric  solution  by  excess  of  sulphuretted  hydrogen, 
latter  case  it  is  a  black  powder,  insoluble  even  in  boiling  nitric  acid,  and  aUJ 
in  hyihodiloric.  It  is,  however,  attacked  when  heated  witb  conceotnita 
sulpliuric  acid.,  will)  formation  of  mercuric  sulphate  and  evolution  of  sulpin 
ttiua  aiihydriilc ;  and  it  is  also  dissolved  by  nitro-hydrochloric  acid,  producin 
tnercuric  suljiliate.  The  product  which  is  obtained  by  rubbing  mercury  wii 
excess  of  sulphur,  b  known  as  ethiops  mineral,  and  was  formerly  ofhcial  | 
kfdrarj^-ri  iulphiirdum  cum  sulphuri. 

TerntiUon  may  be  prepared  by  subliming  the  ethiops  mineral  and  tritunt 

tog  the  sublimate  till  the  red  colour  is  [jroperly  developed     A  more  practid 

procns    is   to    triturate  the    "ethiops  "  with  healed  solution   of  poiassiu] 

bydntc  for  several  hours,  when  it  gradually  changes  to  the  required  colour. 

\Far amalym.  la  Authors AanlTtlcal  Ctumiitrj, /u^v  98.) 

JUHQAITODS  SULPHIDE.    Formula,  UnS.    Uolecolar  Weight,  87. 

Octurs   nati\'c   as    manganae-blfidt,  and    is    foinicd    as    a    fleshcoloi 
ptecipilate  on  adding  ammonium  sulphydrate  Ici  a  soluble  wll  of  m;tngancsd 
III*  distinguished  from  the  sulphides  of  cobalt,  nickel,  and  linc,  by  being^ 
solnble  in  acetic  acid. 

rE&SOUS  SULPHIDE  (Svn.  Jnm  Mnmosulfkide).  Formula,  FbS.  //w 
6j^3  ;  Sulp/iur,  3637 ;  total,  100  00.  Uolecolar  Weight,  88. 
I«  prepareil  by  mixing  together  iron  filings  and  sulphur,  and  projecting  tl 
mixlore,  a  liitlcat  a  lime,  into  a  very  bright  rgd-hot  crucible.  Accordiugtl 
the  Jl.r.,  it  is  prcj/nrcd  by  heating  an  iron  rod  to  whiteness  in  a  siuith'.s  forg 
and  pressing  a  roll  of  sulphur  against  it,  when  the  sulphide  forms  in  fust, 
^  which  arc  allowed  to  drop  into  a  pail  of  water,     Adopting  thjs  Utt^ 
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process,  it  can  be  prepared  with  extreme  facility ;  it  then  appears  as  small, 
shiny,  variously-shaped  nodules.  The  great  use  of  the  ferrous  sulphide  thus 
formed  is  for  making  sulphuretted  hydrogen.  When  precipitated  from  a  solu- 
tion of  iron  by  ammonium  sulphydrate  it  is  a  black  powder,  very  readily 
soluble  in  cold  dilute  hydrochloric  acid,  by  which  means  it  may  be  separated 
from  cobaltous  and  nickelous  sulphides.  It  is  not  formed  by  sulphuretted 
hydrogen  in  the  presence  of  hydrochloric  acid,  and  it  readily  oxidizes  in  con- 
tact with  the  air. 

FERRIC  SULPHIDE    (Syn.    Iron  Sesquisulphide),    Formula,  Fe^Ss.    Iron^ 
53*85;  Sulphur^  46*15  ;  total  loo'oo. 

Is  produced  when  iron  pyrites  are  heated  to  dull  redness ;  it  exists  also  in 
copper  pyrites,     (Iron,  30*6;  sulphur,  34*9;  copper,  34*5.) 

The  term  pyrites  is  applied  to  various  substances  more  or  less  chemically 
allied,  but  possessing  this  point  in  common,  that  their  principal  constituents 
should  be  sulphur,  combined  with  either  iron  or  copper. 

FERRIC   BISULPHIDE    (Syn.   Pyrites  [par  excellence]).    Formula,  FeSj. 
Irony  46*67  ;  Sulphur^  53*33 ;  total,  loo'oo. 

Is  found  native  as  yellow  iron  pyrites.  When  roasted  with  a  free  access  of 
air  it  evolves  sulphurous  anhydride,  and  leaves  a  residue  of  ferric  oxide. 
Distilled  in  a  closed  vessel,  sulphur  passes  over,  and  a  residue  of  magnetic 
pyrites,  l^t^^  remains,  which  becomes  rapidly  converted  into  ferrous  sulphate 
by  exposure  to  the  air. 

COBALTOUS  SULPHIDK    Formula,  CoS ;  and 

NICKELOUS  SULPHIDE.  Formnla,  NiS. 

Both  are  black,  and  precipitated  from  solutions  of  their  respective  metals 
by  ammonium  sulphydrate,  but  not  by  sulphuretted  hydrogen  in  the  presence 
of  hydrochloric  acid.  They  are  insoluble  in  cold  dilute  hydrochloric  acid 
(distinction  from  FeS). 

STANNOUS  SULPHIDE.   Formtda,  Sna    Molecular  Weight,  150. 

A  brown  precipitate  produced  in  solutions  of  stannous  salts  by  sulphuretted 
hydrogen  in  the  presence  of  hydrochloric  acid.  It  is  soluble  in  ammonium 
sulphydrate  ;  and  on  the  addition  of  hydrochloric  acid  the  solution  deposits 
stannic  sulphide,  owing  to  the  presence  of  excess  of  sulphur  in  most  samples 
of  the  sulphydrate. 

STANNIC  SULPHIDE.  Formtda,  SnSg.    Molecular  Weight,  182. 

Separates  when  a  stannic  solution  is  treated  with  sulphuretted  hydrogen  in 
the  presence  of  hydrochloric  acid,  as  a  yellow  precipitate.  It  is  soluble 
in  ammonium  sulphydrate,  and  reprecipitated  on  the  addition  of  hydrochloric 
acid.  It  dissolves  in  boiling  strong  hydrochloric  acid,  while  arsenious  sulphide 
does  not,  and  the  solution  treated  with  a  fragment  of  pure  zinc  in  a  platinum 
dish  deposits  a  granular  mass  of  metallic  tin. 

BISMUTHOUS  SULPHIDK    Formula,  Bi^Ss.    Molecular  Weight,  516. 

Forms  when  a  soluble  bismuthous  salt  is  precipitated  by  sulphuretted 
hydrogen.     It  is  insoluble  in  hydrochloric  acid  and  ammonium  sulphydrate, 
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bat  soluble  in  nitric  acid.     It  occurs  native  i 
prepared  by  fusing  the  metal  with  sulphur. 


bismuth  glance,  and  may  t 


UrnKONIOTTS   STJLFEISE   (Syn.    Black    Antimony).      Fonoola,    SbyS,, 
Uolecular  Weight,  340. 

Found  nalive,  and  sold  as  black  antimony;  also  produced  in  the  form  of  ai^ 
orange  precipitate,  when  a  solution  of  antimony  is  ireoted  with  sul[jhui 
hydrogen  in  the  presence  of  an  acid.  The  precipitated  sulphide  when  h 
becomes  bl.-idc,  and  aggregates,  proving  that  the  two  are  simply  difl 
forms  of  the  same  substance.  The  native  antiraonious  sulphide,  when  ft 
fetnis  the  so-called  cntJt  antimony,  and  bears  a  great  resemblance  to  metali 
By  ignition  in  the  air  it  becomes  partially  transformed  into  oxide,  forming  j 
light  iKJwdcr,  termed  antimony  ash.  By  fusing  this  in  a  Cornish  or  Hesstai 
duciblc,  antimonia!  glass  is  formed.  The  insoluble  part  of  the  product  oU 
uincd  by  submitting  a  mixture  of  anttmonious  sulphide  and  i>otasaium  nitrafl 
lo  a  red  heat,  is  known  as  antimonial  croms,  or  saffron  of  antimony;  and  thf 
entire  residue  after  lixiviation,  as  liver  of  antimony. 

To  avitid  using  the  black  antimony,  the  6.  P.  has  a  process  for  dissolvim 
it,  aiul  Slotting  it  into  ihe  orange  form  by  reprecipitation.  In  this  state  it  \ 
morr  .iij:lit!y,  and  in  an  infinitely  finer  state  of  division  than  could  ever  I 
obiJinL-d  by  powdering.  The  product,  however,  is  not  one  of  perfect  puiid 
ordcfiniic  composition.  It  is  called  antimoniam  Bolplmratiim  (Svh.  Ann 
manii  Oxysulphuretum,  LonJ.),  and  is  prepared  as  follows  ; — 

Black  .iniimony  is  boiled  with  liquor  siula  for  two  hours.  The  liquor  i 
smlned  through  calico,  and  before  it  cools,  diluted  sulphuric  acid  is  added  tl 
It  by  degrees  till  the  latter  is  in  slight  excess.  The  precipitate  is  washed  tT 
free  from  sulphates  and  dried  at  a  temperature  not  exceeding  3\i°. 

Thu»  made,  antimomum  s-ulphuratum  is  an  orange-red  powder,  CDntuiiiflj 
Kilphiilc  of  antimony,  Sb^S,,  with  a  small  and  variable  amount  of  oxide  C 
uitiin>>ny,  Sh,^,.  It  is  readily  dissolveii  by  caustic  soda,  also  by  hydrochloi 
acid  with  the  evolution  of  sulphuretted  hydrogen  and  the  se[)aration  of  a  litti 
snlphur, 

{Far  amtlyiii.  let  Aulh-v'i  AiulyticU  OnmUtTr.  fagt  98  ) 

la  the  above  process,  the  sodium  hydrate  is  supposed  to  dissolve  tlic  natii 
sulphide,  forming  sodium  sulphantimonite  in  solution,  together  with  sodiui 
■ntunoniie : — 

Sb,Ss  +  6NaH0  =  Na,SbS,  +  Na,SbOj  +  3H„0. 

The^e  snits  dissolve  an  indefinite  quantity  of  antimonious  sulphide,  whid 
would  be  deposited  out  on  cooling,  to  prevent  which  sulphuric  acid  is  add( ' 
which  causes  decomposition,  and  a  deposit  of  orange  antimonious  sulphit 
tcficthcr  with  a  variable  proportion  of  oxide,  derived  from  the  antimont 
fonncd  in  the  first  reaction : — 
aNaySl..'^  t  iNajSbOj  t-  6HjS0,=  SbjS,  +  SbjOg  +  6Ma,SO,  +  3H,0  + 

Snl|jhimc  acid  is  used  because  the  product  is  not  so  rcailily  soluble  i 
excess  i..f  tli.it  acid  as  in  hydrochloric ;  moreover,  the  cmploi-ment  of  t* 
latter  bwly  would  have  a  tendency  to  cause  the  formation   of  an  oxy" 


.\n 


sulphuratum  is  commonly  knomi  as  kerwes  mineral,  and  many 

(i{-\\."=.  coutain  free  sulphur  a-i  well  as  oxide.     This  may  be 

■  lilt  estimated  by  digesting  the  carefully  dried  saB 

^id  evaporating  the  solution  thus  obtained  to  drvDC 

The  oxide  is  best  extracted  by  digestion  in 

.  ,Dluble. 
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When  antimonious  sulphide  is  produced  by  precipitation  from  a  soluble 
antimonious  salt  with  sulphuretted  hydrogen,  it  is  a  bright  orange  substance, 
insoluble  in  dilute,  but  freely  soluble  in  strong  hydrochloric  acid,  with  evolu- 
tion of  sulphuretted  hydrogen.  The  solution  thus  obtained,  when  introduced 
into  a  platinum  vessel  with  a  fragment  of  pure  zinc,  causes  a  black  deposit  of 
antimony  to  form  as  a  closely  adherent  coating  on  the  platinum.  Antimonious 
sulphide  is  freely  soluble  in  ammonium  sulphydrate,  and  is  reprecipxtated  on 
supersaturation  with  dilute  hydrochloric  acid. 

AKTIMONIC  SULPHIDE.    Formnla,  Sb^Sg. 

Is  produced  by  acting  on  antimonic  chloride  by  sulphuretted  hydrogen.  It 
is  orange-yellow,  and  dissolves  in  boiling  hydrochloric  acid,  with  evolution  of 
sulphuretted  hydrogen  and  deposition  of  sulphur.  It  is  also  soluble  in  ammo- 
nium sulphydrate,  and  is  contained  in  many  commercial  samples  *  of  >^^r/w^ 
mineral,  A  mixture  of  the  two  sulphides  is  known  as  golden  sulphide  of  anti- 
mony, 

COMPOUNDS    OF   SULPHUR   WITH    OXYGEN. 
Sulphur  forms  with  oxygen  two  oxides  and  several  acids,  as  follows  : — 

Hyposulphurous  Acid,  HgSOg. 

Sulphurous  Anhydride,  SO^  forming  Sulphurous  Acid,  H^Oj. 

Sulphuric  Anhydride,  SO3  „        Sulphuric  Acid,  HgSO^. 

Thiosulphuric  „  H2S2O3. 

Dithionic  „  H^SjOj. 

Trithionic  „  HjjSsOj. 

Tetrathionic  „  HgS^Og. 

Pentathionic  „  H3S5O3. 

HYDROGEN  HYPOSULPHITE  {^\^s,  Hyposulphurous  Acid,  Hydrosulphurous 
Acid),    Formula,  HgSOg. 

Is  produced  by  the  action  of  metallic  zinc  on  ordinary  B.P.  sulphurous  acid. 
No  gas  is  given  off,  and  the  zinc  dissolves  quietly,  forming  a  yellow  solution. 
Like  sulphurous  acid,  it  possesses  bleaching  properties,  but  in  a  much  more 
intense  degree.  It  is,  however,  very  unstable.  Sodium  hyposulphite — 
NaoSOg — {which  must  not  be  cofifuscd  with  the  so-called  Jiyposulphite  of  soday 
B.P.)  is  obtained  by  the  action  of  zinc  on  a  saturated  solution  of  sodium 
hydrogen  sulphate.  It  is  unstable  in  the  air,  and  when  heated  with  oxalic 
acid,  evolves  hyposulphurous  acid  as  an  orange-coloiured  liquid. 

SXJLPHIJROXJS    ANHYDRIDE.      Formula,  SOg.      Molecular  Weight,  64. 
Density,  referred  to  Hydrogen^  32. 

Sulphurous  anhydride  is  a  colourless  gas  with  an  exceedingly  suffocating 
odour,  and  more  than  twice  as  heavy  as  air.  Owing  to  its  great  solubility  in 
water,  it  must  be  collected  either  over  mercury  or  by  displacement.  It  can 
be  liquefied  by  drying  and  passing  into  a  receiver,  surrounded  by  a  freezing 
mixture  of  ice  and  salt.  The  liquid  thus  obtained  can  be  solidified  by  the 
cold  produced  by  its  own  evaporation  in  vacuo.    The  gas  is  formed — 

1.  Whenever  sulphur  is  burned  in  the  air  : — 

Sg  +  2O3    =     2SO3. 

2.  When  strong  sulphuric  acid  is  heated  with  most  metals,  except  gold  and 
platinum  : — 

Cu  +  2H2SO4  =  CUSO4  +  SOg  +  2H8O. 


3-  Wbca  strong  sulphuric  acid  is  heated  with  reducing  agents,  such  as  s 
pbUT  md  carbon.  < 

This  lalirt  is  the  process  adopted  by  the  B.P.,  which  prepares  sulphiiroaj 
•cid  by  ht.iting'siilphuric  acid  with  charcoal,  and  passing  the  resulting  si** 
phurous  anhydride  into  water,  one  gallon  of  which  at  60°  will  absorb  i 
gallons  of  the  gas,  and  yield  a  colourless  acid,  smelling  strongly  of  SOj,  co 
Uiniog  9'i  per  cent,  by  weight  of  that  gas,  and  having  a  specific  gravity  1 
I -04. 

HjSOt  +  C  =  SOa+CO  +  HaO. 

SO,  +  H,0  =  HjSO,. 

iriFiis  acid  is  a  powerful  deoxidizing  agent,  owing  to  its  tendency  t  , 

■-en  and  form  sulphuric  acid,     It  is  also  a  bleacher,  but  not  a  peF-l 

■.:ie,  as  the  bleaching  is  not  caused,  as  in  the  case  of  dilorine,  b 

hut  simply  by  a  combination  of  the  colouring  matter  with  the  SCt 

I  be  decomposed  and  the  colour  restored  by  alkalies  or  oxidatiq 

I  le,  indigu-blue  solution  when  treated  with  sulphurous  acid,  becoq 

^,  owing  to  the  formation  of  wMe  indigo  ;  but  the  colour  is  n 

.11:1  III  uv  exposure  to  heated  and  moist  air.     Treated  »vith  nascent  hydl 

cvwtvcd  from  zinc  .ind  hydrochloric  acid,  sulphurous  anhydride  is  itself  reduc 

to  sulphuretted  hydrogen  : — 

S0i  +  3Hj=  H,S-»-2H,0. 
This  re.iction  is  taken  advantage  of  by  the  B.P.  for  its  detection  fn  ! 
ncid.     Treated  with  iodine  in  the  presence  of  water,  it  decomposes  the  Utta 
Ibnning  snlj'huric  acid  and  hydriodic  acid  ; — 

HjS0a  +  l,  +  H,O=  aHI-t-HsSOt- 
The  EP.  therefore  uses  solution  of  iodine  for  ascertaining,  volumctrio 
the  sttmgth  of  sulphurous  acid, 

.  <m/>uririis,  atid atimathn.  iff  Aulhcr'ikntljIitM,  QlBalaBy,  faga  > 

itis  acid  forms  a  class  of  salts  called  sulphita,  which  contain  ti 

'  I . ,  acting  as  a  dyad. 

■  sulphites  are  prepared  by  passing  SO,  into  a  solution  of  an  allu 

Calcium  hydrogen  sulphite  is  employed  as  an  andseplic,  1 

'  "  bisulpliilt  of  Utne."    Sulphites  were  formerly  used  in  bleaching,  (1 

■-  last  traces  of  chlorine,  which,  if  allowed  to  rcmaia  in  the  &l«i 

.1,11:1  iiMi  only  cause  it  to  rot,  but  also  affect  the  colours  with  which  ii  raigl 

a[icnr;inl.i  be  dyed.     Hyposulphites  now,  however,  replace  sulphites,  beinga 

ante  irtii'a]>er  and  more  effective.    Both  classes  ofsalls  are  occasionally  V 

enti<h!.irts, 

Snlphiles  are  not  of  suHicieni  pharmaceutical  interest  to  require  «  detatld 
dc«rnpln)n  ;  but  a  full  account  of  their  reactions  will  be  fotmd  under  Qna 
tatiie  .Analysis,  in  the  analytical  pari. 


HTDaOOEN  TBIOSULFRATE    (Svn. 
!l\posulphunmi  Add).     Fornmlft, 


Thi, 


rlphuri':    Add,  formerly  eaUk 
Sps     Molecnlar  Weight,  114.  1 


I'd,  which   may  be  viewed  as  being  derived  from  sulphuric  i 
.  'lie  displacement  of  an  atom  of  oxygen  by  one  of  sulphur,  is 
lid  although  it  may  be  isolated  by  the  action  of  sulphurous  acid  g 
■  ■.ill  '!  tube,  yet  it  cannot  be  preserved  for  any  li 
I  thiosulphateB  (formerly  hyposulphii'. 
lI,  acting  as  a  dyad.     They  are  diati)i.  > 
: .  and  depositiiis  sufphur  when  acted  on 
'  :.:s  often  causes  confu.iion  to  the  vouii.^ 


SULFHUR  AND  ITS  COMPOUNDS. 

for  example,  that  he  has  a  solution  of  sodium  thiosulphate,  and  proceeds  to 

test  for  metals  by  adding  hydrochloric  acid.     Immediately  a  white  precipitate 

_is  thrown  down,  which  he  mistakes  for  silver,  mercury,  or  lead.      He  adds 

mraoniura  hydrate,  which  does  not  affect  the  precipitate,  and  immediately  de- 
ludes on  lead  without  a  confirmatory  test.     If,  therefore,  die  precipitate  in  the 

ist  group  with  HCl  be  white  and  very  fine,  always  warm,  and  smcU  for  SOj 

efore  goii^  further. 


SODIDTM    TmOSTTLPHATE  {Syn.  IlyfondphUe  of  Soda,  B.P.).     Fommla, 
NagS20a.5H30.     Molecular  Weight,  216. 

Prepared  by  boiling  sodium  sulphite  with  sulphur : — 

aNajSOs  +  Sj  =  zNagSjOj. 
Iiby  adding  sulphur  to  a  Bolulton  of  sodium  carbonate,  and  passing  tl 
jam  of  sulphurous  anhydride  : — 

Na^COg  +  S  +  SOj  +  gHjO  =  NaaS^O.^-sH^O  +  COj, 
Commercially  it  is  prepared  from  the  "soda  waste  "  and  "gas  lime"  bodifl 
which  contain  calcium  sulphide,  by  e.tposing  it  to  the  air  so  as  to  convc 
into  thiosulphate,  and  making  a  double  decomposition  with  sodium  carbt 
^thus  ;— 

aCaSj  +  30j  -  aCaSjO,  +  38^. 
CaSaOj  +  Na^COj  =  Na^jO,  +  CaCOj. 

■"The  solution,  filtered  from  the  precipitated   calcium   carbonate,  is  evs 
rated  and  crystallized.     The  salt  forms  into  large  crystals,  soluble  in  water,i| 
not  in  alcohol.     Icis  fusible  by  heat,  and  if  melted  in  a  clean  flask  at  aii'l 
the  mouth  being  instantly  dosed  with  a  cork,  it  will  remain  fluid;  but  j 
moment  that  the  cork  is  removed,  and  the  surface  of  the  liquid  touched  * ' 
partide  of  anything^  solid,  the  whole  flies  into  a  mass  of  crystals. 

A  white  precipitate  of  AgjSjOj.  H3O  (or  AggHjSjO,),  results  from  the  a 
tion  of  thiosulphate  to  argentic  nitrate,  if  the  latter  be  kept  in  exce:        "" 
,  gradual  decomposition  tliis  becomes  argentic  sulphide,  Ag^S,  thus  :- 
AggSjOs-HjO  =  AgjS  +  HjSOv       ■ 
The  transformation  is  rendered  visible  by  the  insoluble  product  being  bin 
If  too  much  sodium  thiosulphate  be  used,  the  white  precipitate  of  hyd] 
argentic   thiosulphate,  at  first  formed,  Kill  be  redissolved.     It  is  a  cm. 
chemical  fact,  that  the  addition  of  a  little  argentic  chloride  to  a  solutiot 
sodium  thiosulphate  {itself  very  bitter),  forms  the  sweetest  known  liquid,  wI4 
B,  however,  extremely  poisonous. 

Solution  of  sodium  thiosulphate  will  not  keep  well,  even  in  a  stoppe 
wttle,  as  it  deposits  sulphur,  and  becomes  sodium  sulphate,  so  that  the  w 
'metric  solution  should  always  be  tested  before  being  used.     When  added*! 
a  soludon  of  iodine  it  decolorizes  it,  forming  sodium  iodide  and  tetraihi 
thus  :— 

3Na,_,Sj0a  +  Ij  =  sNal  +  NasS^On. 

It  is  therefore  used  for  estimating  iodine. 

(Stc  Authir's  AjuIjUmI  Chemlatr  j, /ce^  151,] 


HYDROGEN   DITHIONATE  (Syn.  DiihionU  Acid.    Hyfosidpkuric  At6 
Formula,  H,.S;0„. 

Is  prepared  by  passing  sulphurous  anhydride  through  manganic  i 


COMPOUNDS  OF  SULPHUR   WITH  OXYGEN.  iigfl 

sn^codcd  ID  water,  and  kept  cool,  by  which  irieans  mongaaous  dithionat^l 
t»  fonutd  : —  ^ 

MnOj  +  aSOj  =  MnSjOg.  ■ 

This  is  then  treated  with  barium  hydrate  : —  I 

MnSjOg-i-BaiHO  =  MniHO  +  BaS^Oj.  I 

I.ASt]y,  (he  barium  dithionate  is  exactly  decomposed  by  an  equivalent  qaaDtit]r| 
of  {IJute  sulphuric  acid,  and  the  liberated  dithionic  acid  concentrated  in  vaau 
till  it  has  a  density  of  1*347-     It  is  distinguished  from  sulphuric  acid  by  thus 
fonning  a  soluble  salt  with  barium. 

HTSBOOEN  TKITHIOHATE  (Syn.  Trithionk  Acid).    Formula,  K^fi^      J 

Is  liberated  from  its  potassium  salt  by  hydrofluosilicic  acid,  but  graduall™ 
splits  up  into  sulphur,  sulphurous,  and  sulphuric  acids.  fl 

Potassium  trithionate,  K^S^Og,  is  formed  by  the  action  of  sulphurous  anhf« 
dride  on  potassium  thiosulphate : —  I 

HTDEOGEN  TETEATHIONATE  (Svn.  TetrathionU  Add).  Pormnla,  Hj8«0j. 

May  be  produced  by  the  action  of  sulphurous  anhydride  on  chlorine  disul- 

pbide,  or  isolated  from  \\&  barium  salL     Sodium  tetrathionate,  Na-jS^O^,  isa 

prtidaced  when  iodine  acts  on  sodium  thiosulphate  in  the  volumetric  analysis  ofiB 

iodine  and  available  chlorine  by  the  B.P.  processes.  ■ 

(Set  Authar's  AiMljtkal  Cbemiitry, /iif^  ij8.)  \ 

HTDBOCEH  PENTATHIONATE  (SvN.  Pmialkionic  Acid).  Pormula,  HiS^O^ 
Is  a  colourless  and  inodorous  acid,  decomposable  by  heat  inio  S,  SO3,  SOj, 
and  H,S,  formed  by  the  action  of  hydrogen  sulpiiide  on  aqueous  sulphm'oui  J 

5H,S  +  5HsSO,  =  HjS40(  +  Ss  +  9HiO.  I 

It  is  also  produced  by  the  action  of  sulphurous  acid  on  chlorine  mono^ 
sulpliidc.  I 

SULFHOKIC   A5H7DRIDE  (Svn.  Anhydrous  Sulphuric  Acid).    Fonnali,! 
SOy    Uolecular  Weight,  80.  fl 

This  is  a  white  crystalline  substance,  very  tenacious,  and,  when  perfectljM 
dryt  docs  not  show  the  slightest  acid  reaction.    Dropped  upon  water,  it  hisses  1 
in  a  similar  manner  to  a  red-hot  iron,  and  combines  to  produce  sulphuric 
add-    It  may  be  formed  by  direct  combination  of  sulphurous  anhydride  and 
oijgen,  both  perfectly  dry  and  traversed  by  a  long  succession  of  electric 
sparks. 

jSOj    +    Oa       =  iSOg.  J 

4  vols.  +  3  vols.  =  4  vols,  in  a  state  of  vapour.  I 

More  commonly  it  Is  produced  by  heating  the  German  fuming  sulphuric  acid,  I 
or  sodium  hydro-sulphate  (which  see).  A  ready  method  is  to  take  advantage] 
<A  the  superior  affinity  of  phosphoric  anhydride  for  water,  by  distilling  ordmaijrl 
sulphuric  acid  with  that  body,  the  following  reaction  occurring : —  I 

HjSOj  ■^  PjOs  =  zHPOj  +  SOj.  I 

This  i>roce5S  is  probably  the  least  troublesome  to  perform.  Sulphuric  anhyvfl 
dridc  forms  pyro-  or  anhydro-  sulphates  with  many  metallic  sulphates,  such  a^l 
^06c  of  sodium,  hydrogen,  or  potassium.  I 


I20  SULPHUR  AND  ITS  COMPOUNDS, 


METALLIC   SULPHATES. 

HYDROGEN  SULPHATE  (Syns.  Snlphnric  Acid.  Oil  of  Vitriol  Vitriol. 
Hydrated  Sulphuric  Acid,  Hydric  SulphcUe).  Pommla,  fi^SO^. 
Molecular  Weight,  98. 

Prepared  by  causing  sulphurous  anhydride  to  mix  with  nitric  peroxide  and 
steam  in  a  leaden  chamber.  The  various  steps  of  the  process  are  supposed 
to  be  as  follows  : — 

1.  The  sulphur  burning  in  the  air  yields  sulphurous  anhydride  : — 

*  Sg  +  2O2  =  2SO0. 

2.  The  sulphurous  anhydride  and  steam  yield  sulphurous  acid : — 

SO3  +  HoO  =  H2SO3. 

3.  The  sulphurous  acid  and  nitric  peroxide  yield  sulphuric  acid  and  nitric 
oxide  i"^ 

2H2SO3  +  Np^  =  2H2SO4  +  2NO. 

4.  The  nitric  oxide  meeting  with  air  carried  into  the  chamber  with  the 
current  of  the  various  vapours,  forms  nitric  peroxide  : — 

2NO  +  02  =   N2O4. 

5.  Tlie  nitric  peroxide  meeting  with  a  fresh  portion  of  sulphurous  acid, 
forms  more  sulphuric  acid,  and  is  again  reduced  to  nitric  oxide  : — 

2H2SO3  +  N2O4  =  2H2SO4  +  2NO. 

6.  The  nitric  oxide  is  once  more  oxidized,  as  shown  in  4 ;  and  again  re- 
duced, as  shown  in  5  ;  and  so  the  action  goes  on,  sulphuric  acid  being  con- 
tinuously formed  as  long  as  any  nitric  oxide  remains  in  the  chamber.  In 
theory,  therefore,  the  portion  of  nitric  oxide  first  introduced  will  go  on  trans- 
ferring an  unlimited  amount  of  oxygen  from  the  air,  to  change  sulphurous  into 
sulphuric  acid,  so  long  as  the  supply  of  the  former  is  kept  up  ;  but  in  practice 
it  becomes  dissipated,  and  has  to  be  renewed  from  time  to  time. 

The  sulphuric  acid  first  produced  is  weak,  having  a  gravity  of  about  1*5. 
It  is  then  concentrated  in  leaden  pans  at  a  temperature  of  400°  R,  until  it 
ceases  to  lose  water,  when  it  becomes  a  definite  acid,  having  the  formula 
HgSO^HjO,  and  containing  70*5  per  cent,  of  real  sulphuric  acid.  At  this 
point  it  begins  to  attack  lead,  and  dissolve  the  sulphate  produced,  and  it  is 
therefore  transferred  to  glass  or  platinum  vessels,  in  which  it  is  further  con- 
centrated until  it  reaches  a  gravity  of  i '843,  when  it  contains  96*8  per  cent,  of 
real  HoSO^,  and  is  called  oil  of  vitriol  {Acidum  Sulphuricum,  B.P.). 

Characters. — A  colourless  liquid  of  oily  appearance,  intensely  acid  and 
corrosive,  specific  gravity  1*843  (showing  96  8  per  cent.  HoSO^).  It  evolves 
much  heat  on  the  addition  of  water,  owing  to  chemical  action  taking  place, 
and  the  formation  of  definite  hydrates,  such  as  H^SO^HgO  and  H3SO2.2H2O. 

The  making  of  oil  of  vitriol  is  practically  conducted  by  burning  iron  pyrites 
on  a  hearth  communicating  by  a  flue  with  the  leaden  chamber.  At  the  back 
of  this  hearth  is  a  pot  containing  sodium  nitrate,  which  when  heated  becomes 
nitrite,  and  is  then  acted  upon  by  the  sulphurous  acid,  forming  potassium 
sulphate  and  liberating  nitric  oxide  : — 

2KNO2  +  SO2  =  K2SO4  +  2  NO. 

The  nitric  oxide  is  then  carried  into  the  chamber  with  the  excess  of  sulphurous 
vapours.  The  furnace  is  provided  with  doors  to  admit  a  proper  quantity  of  air 
and  to  regulate  the  draught  of  the  vapours,  which  on  entering  the  chamber  en- 
counter the  steam  from  several  jets,  pointing  in  various  directions,  so  as  to  cause 
a  mixing  of  all  the  gases ;  and  thus  the  manufacture  is  kept  up  night  and  day. 


SULPHURIC  ACID. 

and  (he  n-»k  urid  drawn  kM  as  it  collects  on  the  floor  of  ihe  ch.inibi^ 
conimcrdal  add  as  thus  made  frequently  contains  lend  frora  the  ch^mher  a: 
cvxpomling  vessels,  arsenic  from  the  iron  pyrites,  and  nitric  acid,  and  I 
coDfcqucntly  to  be  purified  if  desired  to  answer  the  B.P.  tests. 

This  is  done— 

I.  By  adding  a  little  nitric  acid,  and  so  converting  the  volatile  aisenioi 
tato  anenic  anhydride,  which  will  not  distil  ovet  at  the  heat  of  boilii 
tritriol:— 

ASjOj  +  aHNOj  =  AsjOj  +  N,0, -I- HjO. 

s.  To  the  acid  thus  treated  a  little  ammoniuTn  sulphate  is  added,  which  I 
Ihc  presence  of  nitrous  compounds  becomes  decomposed,  forming  water,  fj 
oilTOgcD,  and  sulphuric  acid : — 

(NH,),S0,  +  N,O,  =  aNj  +  jHjO  4  H,SO,. 

The  whole  acid  is  then  distilled  over  in  a  pure  state.    This  is  a.  t 
but  not  the  best  method,  as  the  subsequent  treatment  with  ammoiuutn  ! 
phate  may  often  reduce  the  arsenic  ncid  formed  in  the  first  step,  and  one 
more  introduce  the  danger  of  contaminalioo  by  arsenious  acid.     The  Y  ' 
method  is  to  heat  the  commercial  acid  with  one-half  per  cent,  of  oxalic  a 
to  a  temperature  of  230°  !■',,  in  a  thin  porcelain  basin,  until  all  action  c 
Nitrous  compounds  are  thus  entirely  removed,  and  the  acid  being  allowed  ti 
cool  to  212°  F.,  a  little  powdered  |>oiassium  dichrom^te  is  stirred  in  until  d* 
whole  is  coloured  yellowish-green  (indicating  excess  of  chromic  acid). 
acid  so  treated  being  now  diiaillcd  is  found  to  be  free  from  all  impurity. 

I'lumbic  sulphate  is  delected  in  sulphuric  acid  by  simply  diluting  1 
water,  wiiL-n  it  becomes  milky,  owing  to  a  deposit  of  this  substance,  whicl 
although  soluble  in  strong,  is  not  so  in  dilute  acid. 

-ArscTiic  may  be  detected  by  diluting  freely  with  water,  and  obtaining  | 
yellow  precipitate  on  passing  through  it  sulphuretted  hydrogen,  while  mlfra 
cuutKtunds  are  shown  by  the  dark  line  of  colour  produced  when  a  si  ' 
of  fcrroiii  sulphate  is  canrfully  poured  upon  some  strong  acid. 

WliM)  seven  fluid  ounces  of  sulphuric  acid  are  diluted  whh  water  to  S 
ounces  the  resulting  mixture  Is  the  Aciiium  Sulphurieum  ditutum  of  the  B-R 
which  h.is  a  specific  gravity  of  1094  and  contains  ifi4  per  ccol.  \ 
anhytbous  sulphuric  acid. 

Sulphuric  add  when  diluted  dissolves  zinc,  iron,  and  aluminium,  with  t 
Uition  of  hydrogen,  hut  is  devoid  of  action  on  copper  or  mercury. 

Strong  cold  acid  is  practically  without  action  on  metals,  because  ih 
no  water  |>rescnl  to  dissolve  the  sulphates  formed;  hut  when  heated,  a  p 
of  the  strung  acid  decomposes,  evolves  sulphurous  anhjdride,  and  product 
water,  in  whidi  the  sulpliates  can  dissolve;  and  it  then  acts  frtely. 

iio\i\  ami  platinum  entirely  resist  the  action  of  sulphuric  add 

The  strong  acid  lias  a  great  alhnity  for  water,  and  it  is  therefore  employe 
for  drying  gases  ;  on  the  addition  of  water  to  the  concentrated  acid  a  v 
litrgr  amount  of  heat  is  evolved.     Its  great  attraction  for  the  elements  of  w 
caiKcs  It  to  attack  and  carboni/e  organic  matters,  such  as  sugar,  woody,  ; 
ajiinul  tisvues. 

If  luH  jn  ounce  of  syrup  be  placed  in  a  long  ten-ounce  precipitating  glas 
and  two  ounce*  of  heated  sulphuric  acid  be  gradually  stirred  in,  a  great  dot 
of  ■•;■■  Li;i  "  lII  mw.  and  a  quantity  of  solid  charcail  will  he  hberated,  '  ' ' 
wil  I  .■*,  and  can  be  turned  out  on  a  plate  in  lumps. 

acids,  with  their  salts,  arc  thus  attacked  when  h 
w  idd,  and  an  odour  of  burnt  sugar  is  evolved  ;  but  focii 

ai.  '  I  their  salts  arc  not  chaned,  but  converted  into  a  r 
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\  carbonous  oxide  and  carbonic  dioxide,  by  the   following  abstraction  0 
bater : — 

HjQOi-HjO  -  CO  +  COj. 

Ucohol  heated  with  excess  of  strong  acid  is  also  converted,  by  the  absuac 
er,  into  ethylene  (olefiaulj  gas  (CjHJ  : — 

CjHsHO-HjO  =  CjH^. 

Sulphuric  acid  forms  with  bases  a  class  of  salts  called  sulphates,  in  wW 
SO4  acts  as  a  dyad  acidulous  radical.  It  is  evident,  therefore,  that  i 
presence  of  a  monad  base  more  than  one  class  of  salts  can  be  formed,  H 
we  have  : — 

1,  The  neutral  salt,  b  which  the  two  atoms  of  hydrogen  in  the  acid  1 
been  fully  replaced  by  two  atoms  of  the  base  {Ex.  KjSO^,  Na^SOj). 

a.  The  acid  or  hydrogm  salt,  in  which  only  one  atom  of  die  h)'drogen  li 
been  so  affected  i^Ex.  KHSO*,  NaHSOJ. 

Sttlphates  have  also  a  great  tendency  to  unite  with  each  other  to  i 
double  sails ;  this  is.  especially  the  case  with  the  sulphates  of  the  hexad  e 
cals,  Fej,  Alj,  and  Cr„  which  unite  with  the  sulphates  of  potassium,  s 
or  ammonium,  to  form  a  group  of  double  sulphates,  called  the  alums. 
alums  consist  of— 


iii.  Twenty-four  molecules  of  water. 

Thus  ammonium  aluminium  sulphate  is  ; — 

(NH  JaSO^,  Al^sSO^.  24HsO. 
WHx  dividing  all  by  2  (as  done  in  the  U.P.)  ; — 

NH4AJ(SOJi.i2HjO. 
;  can  have  ammonium  ferric  sulphate  : — 

(NHJgS04.Fe,3S0^.24H30. 
That  is— NH^FeCSOJj-iaHjO. 
Most  sulphates  are  crystalline  and  soluble  in  water,  the  chief  insoluble  a 
being  barium,  calcium,  and  plumbic  sulphates. 

They  are  also  remarkable    for  being    isomorphous,  and  containing  y. 
sH  crystallization,  as  seen  from  the  following  list ; — 

MgSO».7HsO  CuSOj-SHaO. 

ZnSOt.7HjO.  CaSO«.aHaO, 

FeSOj.yHjO.  Na^SO^.ioHaO. 

MnSUi.7H(0.  The  alums,  laHjO. 


AanttONTUM  SULPHATE  (Syns.  Sulphatt  of  Ammonia.  Diam. 
Sulphate).  Formula,  (HHJaSO^.  Molecular  Weight,  132. 
Prepared  by  neutralizing  the  ammoniacal  liquors  of  gas-worlts  with  i 
phuric  acid,  or  by  allowing  them  to  percolate  through  calcium  sulphate,  and 
then  evaporating  and  crystalliKing.  It  is  used  as  a  source  of  other  ammoiiiuai 
salts,  and  also  as  an  ingredient  of  "  top-dressing"  and  similar  artificial  manures. 
It  may  be  purified  by  crystallization  or  by  sublimation,  but  cannot  be  sub-. 
limed  alone,  and  is  readily  soluble  in  water.  Ammonium  hydrogen  sulphKte 
may  be  formed  by  the  addition  of  sulphuric  acid  to  the  other  sulphate,  and  is 
of  no  importance.     Unlike  the  other  sulphate,  il  is  soluble  in  alcohol. 
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SODIXrU  SULPHATE  (Syns.  Disodic  Sulphate.    Sods  Sulphas.    Glauber  Salt', 
Stiipkate  ej  Soda).    Formnla,  Na^O^      Molecnlar  Weight,  142. 

It  is  found  in  nature  in  combination  with  calcium  sulphate  as  Giauberiti 
and  also  in  other  fonns.  It  is  produced  most  exiensivtly  by  the  action  o^ 
aolphunc  acid  upon  sodium  chloride  in  the  manufacture  of  sodium  carbooat^i 
and  is  sold  as  salt  cake  in  a  fused  and  anhydrous  condition. 

To  prepare  tlie  B.P.  crystals,  the  salt  cake  is  dissolved  in  water,  neutralized, 
if  necessary,  by  sodium  carbonate,  and  crystallized.     It  is  described 
B.P.  as  being  in  transparent  oblique  prisms;  has  a  salt  and  bitter  taste; 
cBSotcsces  on  exposure  to  th^  air  ;  soluble  in  water,  insoluble  in  spirit. 
posed  to  heat  in  a  porcelain  crucible,  it  loses  ss^g  per  cent  of  water  of  crys- 
uUization. 

(Far  analysis  and  imfutitUs  la  Aulfifff's  AlulyttWl  CbeoliBtl?,  fage  99.) 

This  substance  exhibits  pre-eminently  the  curious  property  of  super-satu- 
nUioti;  that  is  to  say,  a  boiling  saturated  solution  may  be  kept  in  a  corked 
flask  without  solidifying  on  cooling.  But  on  opening  the  flask  and  giving  it  a 
slight  shake,  tfle  whole  flies  into  a  solid  mass  of  crystals,  with  a  sudden  evolu- 
tion of  heat.  Much  of  the  sodium  sulphate  of  commerce  is  obtained  from  the 
residue  in  the  retort  after  the  preparation  of  chlorine  in  the  manufacture  of 
tklarinated  lime.  This  residue  is  mixed  with  calcium  hydrate,  by  which  the 
mODganous  sulphate  is  transformed  into  manganous  hydrate,  which,  together 
wiib  the  calcium  sulphate  formed,  may  be  separated  by  filtration.  If  insufii- 
oeat  calcium  hydrate  be  used,  a  little  manganous  sulphate  remains  in  solution, 
and  will  gi\'e  a  precipitate  on  the  addition  of  potassium  hydrate,  turning 
brown  on  pouring  in  a  little  chlorine  water. 
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SODIUM  HYDROGEN  SULPHATE  (Svns.  Acid  Sodium  Sulphate.    Mows 

Suip/iate.      Bisulpltate    of    Soda).      Eormula,    NaHSOj.       Molecular^ 
Weight,  120. 

Arises  from  the  action  of  sulphuric  acid  on  sodium  nitrate  in  the  preparation  \ 
o(lUlricacid,andmuch  resembles  potassium  bydrogen'sulphate  in  its  properties, 
but  is  very  deliquescent,  and  consequently  has  a  very  limited  application. 
Bj-  bringing  the  crystals  in  contact  with  alcohol  and  water  (or  moist  air)  they 
are  decomposed,  sulphuric  acid  being  set  free.     Thus  it  may  be  said  that  the 
sail  itself  is  not  deliquescent,  but  the  sulphuric  acid  alwa)'s  adhering  to  the   ' 
crystals  attracts  moisture,  which  then  causes  the  decomposition  of  the  salt.  I 
This  sulphate  forms  a  crystalhiabie  combination  with  sodium  sulphate. 


POTASSIUM    SULPHATE  (Sttns.    Dipolassie  Sulphate.    Potasix  Sulplias. 
Sulphate  of  Potash.     Sal  Polychrest).    Formula,  KsSO^.     Molecular  ] 
Weight,  174. 

Produced  during  the  process  for  preparing  iodine  from  kelp,  as  the  first 
crop  of  crystals  obtained  after  lixiviation. 

It  is  also  prepared  by  neutralizing  the  potassium  hydro-sulphate  with  potas- 
snun  carbonate : — 

sKHSO^-t-KjCOj  =  aKjSOj-i-COs  +  HiO. 
In  nature  it  is  found  as  a  crust  on  the  lava  of  volcanoes,  especially  thai  of  j 
Mount  Vesuvius.     The  B.P.  describes  it  as  being  in  colourless,  hard,  six-sided  \ 
pRsms  terminated  by  six-sided  pyramids  ;  decrepitates  strongly  when  heated; 
sparingly  soluble  in  water ;  insoluble  in  alcohol 

(A-r analysis  and imfurilies,  sec  Authar'i  AnalyticU  Cbemlstrj,  fo^i 99) 
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It  is  used  in  Pharmacy  as  a  triturant,  owing  to  its  hard  and  gritty  character 
tending  to  divide  powders  which  would  otherwise  aggregate  under  the  pestle. 
It  contains  no  water  of  crystallization ;  and  at  ordinary  temperatures  water 
will  not  dissolve  more  than  -^  of  its  weight  It  has  a  saline,  unpleasant,  and 
bitter  taste.  Phosphoric  and  nitric  acids  combine  with  it  to  form  definite 
crystallizable  salts,  no  decomposition  whatever  occurring. 

FOTASSITJM  HYDROGEN  SULPHATE  (Syns.  Acid  Sulphate  of  Potassium. 
Monopotassic  Sulphate.  Bisulphate  of  Potash),  Formtilay  SIHSO^. 
Molecular  Weight,  136. 

Is  a  bye-product  in  the  manufacture  of  acids,  notably  pf  nitric  acid  from 
potassium  nitrate.  It  is  generally  found,  as  sold  for  analysis,  in  white  crys- 
talline masses,  evidently  broken  from  thick  cakes,  and  is  used  in  the  analysis 
of  refractory  minerals,  such  as  chrome  ores,  owing  to  its  power,  when  fused,  of 
liberating  sulphuric  anhydride.  When  first  heated,  it  fuses  and  loses  water, 
forming  potassium  anhydro-sulphate  : —  « 

2KHS0^  =  K2SO4.SO3  +  HjO.       . 

At  an  increased  temperature  it  liberates  sulphuric  anhydride,  which  passes 
off  in  white  fumes  : — 

K2SO4.SO3  =  K2SO4  +  SO3. 

A  solution  of  potassium  hydro-sulphate  (which  is  very  soluble  in  water)  is 
not  stable,  potassium  sulphate  depositing  after  some  time,  unless  it  be  very 
dilute. 

On  vegetable  colouring  principles  its  action  resembles  that  of  an  acid. 


ARGENTIC  SULPHATE    (Syn.   SulpJiate  of  Silver),      PormTda,    Ag^SO^. 
Molecular  Weight,  312. 

Prepared  by  dissolving  silver  in  strong  boiling  sulphuric  acid.  It  is  in 
brilliant  colourless  crystals  soluble  in  strong  sulphuric  acid,  and  in  200  parts 
of  cold  water.  It  is  employed  for  the  purpose  of  removing  chlorides  from 
any  solution  in  which  it  is  desired  to  estimate  the  nitrogen  present  as  nitrates 
or  nitrites  by  Crum-Brown*s  method. 


CALCIUM  SULPHATE  (Syns.  Gypsum.  Alabaster.  Sulphate  of  Lime. 
Plaster  of  Paris.  Anhydrite).  Formula,  CaSO^.  Molecular  Weight, 
136. 

Is  found  native  as  gypsum,  CaS04.2HoO,  which  when  exposed  to  a  high 
temperature  (220°  to  250°  F.)  loses  part  of  its  water,  and  becomes  the  well- 
known //f/j/W-  of  Paris.  On  mixing  the  plaster  with  water,  to  the  consistence 
of  cream,  it  reconibines,  and  sets  into  a  hard  mass  of  crystalline  sulphate. 

Calcium  sulphate  in  the  crystalline  state  is  very  slightly  soluble  in  water, 
one  part  only  dissolving  in  350  of  water;  and  raising  the  temperature  of  the 
water  does  not  perceptibly  increase  its  solubility.  Its  solution  is  used  to 
detect  oxalic  acid  in  tartaric  or  citric  acids.  The  small  amount  of  calcium 
present  is  precipitated  only  by  the  oxalic  acid ;  the  calcium  tartrate  and 
citrate  being  dissolved  by  the  large  amount  of  water  in  proportion. 

{For  analysis i  see  Author's  Analytical  Chemistry,  page  99.) 

Solution  of  sulphate  of  lime,  B.P.,  is  ordered  to  be  made  with  more  than  four 
times  as  much  calcium  sulphate  as  can  be  dissolved. 


METAUJC  SULPHATES. 

^^KONTinS  and  BARIUU  SULPHATES.  Formnlte,  SrSO,  Mid  BaSO^, 
Uolecaliur  Weights,  183-5  and  233. 
Found  native  :  the  former  as  caUstine,  and  the  tatter  as  htavy  spar.     Both  i 
^^  produced  as  white  precipitates  when  sulphuric  acid  is  added  to  a  soluble 
?^"  of  the  respective  metals.     They  are  absolutely  insoluble  in  everything;   j 
"•t  fci  the  purpose  of  detecting  the  sul[ihuric  acid  contained  in  them,  they 
"^y  be  liecomposed  by  fusion  with  potassium  or  sodium  carbonate.  , 

^AOHESrUM    SULPHATE  (Svns.  Magnesias  Sulphas.    Epsom  Salts.    Sul- 
ffiaie  of  Magnesia).     Formula,  BgS0^.7H„0.    Molecular  Weight,  346. 
"  prepared  by  dissolving  magnesiuin  carbonate  in  salphniic  acid  : — 
MgCOj  +  HjSO^  =  MgSOi  +  COj  +  H^O. 
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carbonate  employed  is  usually  the  mineral  termed  dolomite,  which  con- 


T'^'is  l»oth  magnesium  and  calcium  carbonates.     By  the  action  of  the  acid, 
'^^''ciiim  .-lud  magnesium  sulphates  are  produced,  and  the  mass  having  been 
'ri  water,  the  latter  is  dissolved,  leaving  the  former  insoluble. 
'^  hich  is  also  a  native   form    of  magnesium  carbonate,  being  t 
[nay  be  simply  dissolved  in  sulphuric  acid,  and  the   solution 
t.j  the  crystallizing  point.     Occasionally  magnesium  sulphate  is 
l"r.dm_ed  irom  dohmiU  by  calcination,  moistening  the  oxides  formed  with 
??*",  anti  dissolving  out  the  calcium  hydrate  by  hydrochloric  acid ;  which,    ' 
^*^'*  ■"  small  quantities,  will  take  up  all  the  calcium  hydrate  before  affect-    | 
^}^  magnesium  hydrate.     The  insoluble  product  is  treated  with  sulphuric 
-J^  oy  which  it  is  dissolved ;  or  with  ferrous  sulphate,  which  transforms  it 
~~'*'4g«esium  sulphate  and  insoluble  ferrous  hydrate,  quickly  converted  by 
^^•'^^ii'i;   to  the  air  into   ferric  hydrate.     Magnesium  sulphate  is  also  found 
^Ji  ^L**^  i^wMiVc,  and  exists  in  many  mineral  waters,  notably  those  of  Seidlitz 
J  ^?*'^cniia,  and  of  Epsom  in  Surrey,  from  which  it  lakes  its  common  name 
C^'^'^  **"^-     ■''  ^^  '"^"^  described  by  Uie  B.P,  :— 
^**y*^fis and  Trsis. — In  minute  colourless  and  transparent  rhombic  prisms, 
P'^^^^'ng  a  bitter  taste,  and  freely  soluble  in  water. 

(.Vvr  aMa!ysii  and tptfiuritia,  ta  Authoi'!  Analylical  Clienii^tty,  fngeo/ij.) 
^  J  Rfcat  similarity  to  zinc  sulphate  renders  it  desirable  that  all  chemists 
T1*l^  know  some  ready  test  to  apply  tn  case  of  doubt.  The  reagent  which 
"^  "'^st  serve  the  purpose  is  potassium  ferrocyanidc,  which,  when  added  to  a 
»1  tion  of  ihc  suspected  salt  made  fairly  dilute,  gives  no  precipitate  with 
"^^ium  sulphate,  but  forms  a  white  jelly  with  zinc  sulphate. 

"^'ct  will  dissolve  its  own  weight  of  the  crystalline  salt  at  ordinary  tcm- 
P^P^'Wes  ;  three  parts  of  boiling  water  will  take  up  four  parts,  while  proof 
^Kf"^  *iU  only  dissolve  J-  per  cent.,  and  in  absolute  alcohol  it  is  insoluble. 
"'"''  rrystalli/ed  magnesium  sulphate  is  heated,  it  loses  six  molecules  of 
i^*^ler  of  crystallization ;  but  the  seventh  remains  even  at  high  temperatures, 
JOT  W  therefore  considered  as  water  of  constitution.  At  a  red-heat  this  water 
fiSMts  off,  and  leaves  a  fused  mass  of  MgSO^,  which  is  not  decomposed  ex- 
c^l  at  very  high  temperatures,  and  then  only  slightly.  Solution  of  niagn^ium 
Blllphstc  exhibits  the  properly  of  supersaturation.  When  mixed  with  am- 
mooium  hydrate,  and  ammonium  chloride  added  until  the  precipitate  is  re- 
(fiaolwd,  it  is  used  as  a  precipitant  of  i>hosphoric  acid,  which  it  throws  down 
<S  magnesium  ammonium  phosphate.  Magnesium  sulphate  containing  iron 
nOf  be  purified  by  ignition  and  subsequent  solution,  filtration,  and  crystalliia- 
floO.  The  thin  sharp  needles  in  which  it  crystalhzes  have  caused  the  efflo- 
rescence of  the  salt  sometimes  occurring  on  minerals  to  be  termed  hair  salt. 
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ZINC  SULPHATE  (Syns.  Zind  Sulphas.  Sulphate  of  Zinc.  WhUe  Vitriol). 
Formula,  ZiiSO^.THgO.    Molecular  Weight,  287. 

Prepared  by  dissolving  metallic  zinc  in  dilute  sulphuric  acid  : — 

Znj  +  2H2SO4  =  2ZnS04  +  2Hj. 

In  practice  the  solution  thus  obtained  is  filtered  into*  a  bottle,  and  solution 
of  chlorine  added  until  the  fluid  acquires  a  permanent  odour  of  chlorine. 
The  whole  is  then  shaken  up  with  zinc  carbonate  until  a  brown  precipitate 
appears,  and  the  solution  is  separated  by  filtration,  evaporated  till  a  pellicle 
forms  on  the  surface,  and  set  aside  to  crystallize. 

{For  analysis  and  impurities ^  see  Author's  Analytical  (SiittaABtrj,  page  99.) 

The  reason  for  the  treatment  \^ith  chlorine  water  and  zinc  carbonate,  is  to 
ensure  freedom  from  iron  and  lead,  with  which  metallic  zinc  is  usually  con- 
taminated.   (^<f^  Zinc  Chloride.) 

Zinc  sulphate  is  described  as  being: — 

In  colourless,  transparent,  prismatic  crystals,  with  a  strong  metallic  styptic 
taste. 

100  parts  of  water  at  the  ordinary  temperature  will  dissolve  about  150  parts 
of  the  crystallized  salt,  and  at  boiling  heat  about  650  parts.  It  is  insoluble 
in  alcohol,  and  very  slightly  soluble  in  spirit.  Like  magnesium  sulphate, 
it  contains  one  molecule  of  water  of  constitution,  which  is  only  driven  off 
at  a  temperature  of  about  500®  F. ;  but  if  the  heat  be  increased  to  redness, 
pure  zinc  oxide  only  remains. 

The  emetic  properties  of  the  zinc  sulphate  form  the  chief  safeguard  when 
this  salt  has  been  mistaken  for  the  magnesium  sulphate. 

CTJPRIC  SULPHATE  (Syns.  Cupri  Sulphas.  Sulphate  of  Copper.  Blue  Vitriol. 
Blue  Copperas.  Blue  Stone).  FormTda^  C11SO4.5H3O.  Molecular 
Weight,  249-5.    . 

Prepared  by  dissolving  copper  with  the  aid  of  heat  in  strong  sulphuric  add. 

Cuj  +  4H3SO4  =  2CUSO4  +  2SO2  +  4H2O. 

The  objection  to  this  process  is,  that  sulphurous  anhydride  and  some  copper 
are  wasted  in  consequence  of  a  secondary  action,  resulting  in  the  formation  of 
cupric  sulphide : — 

Cug  +  2SO2  =  CUSO4  +  CuS. 

Commercially,  cupric  sulphate  is  produced  from  copper  pyrites,  which  is  a 
double  sulphide  of  copper  and  iron  (Cu3S.Fe2S3).  On  exposing  this  mineral 
to  the  air,  and  gently  roasting,  with  free  access  of  air,  it  is  decomposed  into 
cupric  sulphate  and  cupric  and  ferric  oxide  : — 

CugS.FegSg  +  7O2  =  CuSO^  +  CuO  +  Fe^Og  +  3SO2. 

No  doubt  both  cupric  and  ferrous  sulphates  are  first  produced,  and  afterwards 
the  latter  is  destroyed  by  the  heat.  The  reduction  to  ferric  oxide  is,  however, 
rarely  complete,  and  the  crude  cupric  sulphate  is  almost  invariably  contami- 
nated with  ferrous  sulphate.  Cupric  sulphate  is  also  a  bye-product  in  silver 
refining.  (See  Silver.)  The  commercial  salt  should  always  be  tested  for  iron 
with  chlorine  water  and  ammonium  hydrate.  The  former  raises  the  ferrous 
sulphate  to  ferric  sulphate,  and  the  latter  causes  a  brown  precipitate  of  ferric 
hydrate  which  remains  floating  in  the  deep-blue  solution,  and  can  be  seen  by 
holding  the  tube  between  the  eye  and  the  light  To  obtain  the  absolutely 
pure  saJt,  commercial  sulphate  should  be  dissolved  in  warm  water,  and  a  few 
drops  of  nitric  acid  added,  which  will  convert  the  ferrous  into  ferric  sulphate. 
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A  ItUle  cuprir  oxide  is  added,  which  will  precipitate  the  iron,  and  the  whole  9 
fiiully  to  be  filtered  and  crj-stallited. 

Cupric  sulphUe  is  occasionally  rornied  from  the  black  scales  with  «rhid 
copper  becomes  coated  when  heated  in  the  air.     These  are  cupric  oxide,  i 
yield  a  very  pure  salt  when  dissolved  in  dilute  sulphuric  acid  :— 
CuO  +  H^SO^  =  CuSO,  +  HjO.  ' 

Ordinary  cupric  sulphate  is  a  blue  crystalline  salt,  in  oblique  prisms,  solutll 
in  water,  forming  a  pale  blue  solution  which  strongly  reddens  litmus. 

{for  analyiii  and  imfurilUi,  see  Author' i  katXjVtatXChtnixtxj.fiigt  ioa.) 

At  60°  F,  water  dissolves  40  per  cent,  of  its  weight  of  cupric  sulpha!^ 
whilst  at  J 1 2°  F,  it  dissolves  about  twice  its  own  weight.  When  heated  h 
4^00"  F.  ruptic  sulphate  loses  its  water  of  crystallization,  and  becomes  a  whin 
powder.  On  contact  with  moisture  this  powder  turns  blue,  and  is  therefot 
an  excellent  test  for  the  presence  of  water  in  Quids  such  as  ether,  abxolol 
atcohol,  or  chloroform.  It  is  caUed  cuprt  sulphas  exsiccala  in  the  B.P.  Cupi' 
mlphiKc  is  not  readily  decomposed  by  heating  above  40o'-  F. 

AJPIOHmiM  CUPEIC  SULPHATE  (Svn.  DouNt  Sulphate  0/  Ammonia  6 
Ci>rf^r).  Formula.  Cq(NHJ32S04.6H,0. 
Is  produced  in  large  blue  crystals,  by  mixing  solutions  of  the  two  sulphatd 
and  CT)' stall i zing.  It  is  soluble  in  water,  yields  the  characteristic  blue  pM 
ci[iil3ic  of  cupric  salts  with  ammonium  hydrate,  and  does  not  Sponlancoud 
evolve  fumes  of  ammonia.  By  these  points  it  is  distinguished  from  Ute  f 
lowing  compound,  with  which  it  must  not  be  confused. 

TBTB-AKMOinO  CUPKIC  StTLPHATE  (Svks.  A>nmo>mSulphntf  of  Coppt 
Diammomum  Cuprff-diamiiH  Sulphate).  Formula,  Cu(HHj),80t.F 
Is  produced  in  solution  by  adding  ammonium  hydrate  drop  by  drop  to  1 
solution  of  cupric  sulphate,  until  the  precipitate  first  fqnned  is  nearly  but  ik 
quite  It-dissolved,  and  filtermg.  This  solution  is  used  (under  the  name  L 
am  mi)  nio  sulphate  of  copper)  to  detect  the  presence  of  arsenious  acid,  wifl 
which  it  forms  cupric  aisenite  {Seheel/s  g>te>*)-  When  it  is  mixed  wiS 
sUong  alrnhol  it  deposits  the  salt  in  blue  crystals,  which  may  I>e  dried  I 
pTC5%ure  between  folds  of  blotting-paper.  When  heated,  the  crystals  becoid 
dettHnposed,  first  forming  cupr-ammoaium  sulphate,  CuNHjS04 ;  and  linallil 
as  the  heal  approaches  500°  F.,  that  compound  is  in  turn  reduced  to  cupi 
•ulphatc. 

To  understand  the  constitution  of  tetr-aramonio  cupric  sulphate  It  i3  nece^^ 
tary  to  ubserve  that  the  full  atomicity  of  nitrogen  being  pentad  {N'),  that  of 
anunoni.i  (NHj)  will  be  dyad,   because   there    arc    two   atomicities   of  the 
nitrogen  left  unsaturated.     But  the  dyad  NH^  can  combine  with  other  mole- 
cules of  itself  indefinitely,  always  preserving  its  dyad  atomicity,  thus  :- 
_N—        — N— N—        — N— N— N— 
III  III    HI  III    III    III 

rt«  H^   rl#  ri-    H.,     H* 

NHj  1NH3  3NH, 

The  atom  of  copper,  itself  a  dyail,  can  also  combine  with  one  molecule  1 
anmoaia.  and  produce  a  basylous  radical,  cnpraimnoainm,  which  will  1 
retain  the  dyad  atomicity,  thus ; — 


l"--("(l) 


I2S  SULPHUR  ASD  ITS  COMPOUXDS, 


By  roultipl3riiig  the  molecules  of  ammoDia,  we  could  produce  another 
radical,  caprodiammoiiiiun,  still  a  dyad 


Advancing  two  steps  further,  we  have. — 

of  which  radical  the  compound  under  consideration  is  the  sulphate,  thus, — 

(%«').)  SO,.HA 

Similar  metallammoniamf  will  be  found  described  under  Mercuric  Chloridt 
and  Argentic  Nitrate. 

XEBCUBOUS   SULPHATE    (Svn.   Suh-SulphaU    of  Mercury).      Pormulm, 
HgjSO^.    Molecnlar  Weight,  496. 

Produced  during  the  manufacture  of  mercurous  chloride,  when  mercuric 
sulphate  is  rubbed  and  heated  with  metallic  mercury. 

Hgo  +  2HgS04  =  aHgjSO^. 

It  is  a  white  powder,  very  slightly  soluble  either  in  cold  or  in  warm  water. 

MERCURIC  SULPHATE  (Svns.  By drar^ri  Sulphas.  Persulphate  of  Mercury). 
Formula,  HgSO^.     Molecnlar  Weight,  296. 

Prepared  by  heating  mercury  in  strong  sulphuric  acid : — 

Hg2  +  4H^O^  =  2HgS04  +  4H20  +  2S02. 

Characters.— \  white  crystalline  hea\y  powder,  rendered  yellow  by  affusion 
of  water.     Entirely  volatilized  by  heat 

{For  analysis^  see  Author's  Analytical  ChemiBtry,  page  loa) 

The  first  character  is  due  to  the  formation  of  Turpeth  mineral  (mercuric 
oxysulphate,  HgS04.2HgO). 

The  volatilization  test  shows  its  freedom  from  salts  of  lead  and  tin. 
Mercuric  oxysulphate  is  also  formed  on  boiling  mercuric  sulphate  with  water, 
when  it  separates  as  a  yellow  powder  only  slightly  soluble  in  water.  Mercuric 
sulphate  has  an  extremely  unpleasant,  acrid,  metallic,  and  saline  taste.  It 
melts  at  a  strong  red-heat,  forming  a  dark-coloured  liquid,  which  volatilizes 
with  but  slight  dissociation,  and  forms  a  white  sublimate.  The  yellow  Turpeth 
mineral  becomes  grey  by  atmospheric  action. 

ALUMINIUM  AMMONIUM  SULPHATE  (Syns.  Alumen,  B.P.  Alum,  P.L. 
Ammonia  Alum).  Formula,  NH^Al(S0^)cl2H20.  Molecular  Weight, 
453-5. 

The  manufacture  of  alum  was  commenced  in  England  as  early  as  the  year 
i68o.     The  great  centres  of  manufacture  are   Hurlet,  near  Glasgow,  and 


ALUMEN,  B.P. 


1*9 


, ,  in  Yortshire  ;  at  both  of  which  places  it  is  prepared  from  .i/wn  shah, 
■A  miDcia]  luving,  roughly  speaking,  the  foilowing  composition  :  — 

Aluntinium  Silicate  (Clay) 63 

tTcrrous  Disulphide  (Pyrites) 15 

Carbon  (Coal)  ij 

Calcium,  Magnesium,  Manganese,  etc 9 


n  this  mineral  is  exposed  to  the  action  of  air  and  moisture,  the  pyrites 

d  into  ferrous  sulphate,  with  liberation  of  sulphuric  acid  : — 

iFeS5  +  aH30  +  70j  =  2FeS0j  + jHjSO^. 

Bediately  on  its  liberation  the  sulphuric  acid  attacks  the  clay,  fonning 

ktnin  sulphate.      The  mineral  is  cut  from  the  seams,  and  laid  in  ira- 

piieaps,  exposed  to  the  air,  often  for  as  long  as  fifteen  years.     During 

le  the  change  above  mentioned  sets  in,  and  the  mineral  splits,  disin- 

I,  and  becomes  converted    into  a  silky-looking  mass  of  aluminium 

^  smdded  with  green  crystals  of   ferrous    sulphate.      The    changed 

S  then  made  into  fresh  heaps,  laid  on  brushwood,  and  set  on  fire, 

IC  carbonaceous  matter  bums  away,  and  the  ferrous  sulphate  is  partly 

wed ;  this  action  taking  about  eight  months.     The  mass  is  digested 

T,  and  the  solutions  having  been  clarified  by  subsidation,  are  con- 

d  and  mixed  with  ammonium  sulphate,  when  impure  alum  immediately 

It  is  purified  by  three  successive  re  crystallizations,  the  last 

Wng  performed  in  a  tub,  which  is  taken  to  pieces  by  removing  the 

Land  the  alum  recovered  as  a  magnificent  crystalline  mass. 

II  it  ^so  occasionally  produced  by  a  quick  process  from  shale.     This 

ed  ud  then  heated  with  sulphuric  acid.     When  the  decomposition  is 

ly  complete,  ammonium  hydrate  is  added,  until  it  is  found  that  the 

BviU  ayatalliKe  on  cooling,  at  which  point  it  is  allowed  to  do  so. 

lynaU,  however,  thus  formed  are  not  large ;  and  as  in  any  case  the 

Owoufd  require  recry stall izati on,  the  liquid  is  frequently  stirred,  so  that 

fcnf  deposits,  which  can  be  more  readily  redissolved  than  crystals. 

^Mmtnium  n/um  is  the  only  one  mentioned  by  the  B.P.;  but  potassium 

■  ftenuently  manufactured  by  the  substitution  of  pfitassium  sulphate  for 

^nmm  sulphate  of  the  last  case.     Its  formula  is  KAKSOJj.  1 2  HjO. 

nboiled  with  ammonium  hydrate,  solution  of  alum  yields  a  precipitate 

'nfiium  hydrate;   but  it  is  not   affected    by  boihng  with  excess  of 

n  or  sodium  hydrate.      The  ammonium  alum  is  distinguished  by 

psf  the  smell  of  ammonia  gas  when  boiled  with  either  of  the  two  last- 

i  hydrates.      By  heating  to  a  temperature  not  exceeding  400°  F., 

IS  np  its  ammonium  sulphate  and  water  of  crystallization,  becoming 

m  {alumm  exsiccalum,  B.P.),  which  is  a  while  mass,  hygroscopic, 

T  Dearly  insoluble  in  water.      When  heated  to  redness,  ammonium 

J>  entirely  decomposed,  leaving  a  residue  of  aluminium  oxide.      Alum 

l^ribed  in  the  B.P.  as  being  in  colourless  transparent  crystalline  masses, 

{  the  faces  of  the  regular  octahedron,  and  having  an  acid  sweetish 

Bit  taste. 

or  annySiis,  sec  Author's  ABalytlCftl  CllCinitti?,  page  too.) 


UK  SULPHATE  (Syns.    Patent  Alum.     Alum    Cake.     Sulphate 
'  ff  Alumina).     Formula,   A1;3S0..9H30.    Molecular  Weigh*,  505. 

jared  from  shale  and  other  aluminous  silicates,  by  a  process  rcsem- 
bai  for  the  manufacture  of  alum.     No  ammonium  sulpliate,  however,  or 


^^^^^^^^^H{«FI/iV  AND  ITS  COMPOUNDS, 

otlier  source  of  ammonium  is  added.     This  salt  is  at  the  present  ''"'J    jt 
for  many  of  tlie  purposes  for  which  alum  was  at  one  lime  in  Atm^^o- 
occurs  native  ^feather  alum,  and  is  insoUible  m  alcohol,  but  soluble  »" 
its  weight  of  water. 

MANGAHOUS  SULPHATE,  Formula,  KiiS0,7K,0.   Molecular  Weight,  S^^" 
Is  formed  when  manganic  peroxide  is  heated  with  sulphuric  acid,  OJ]^ 
being  evolved.      It  crystallizes  in  pale  rose-coloured  crystals.     The  lerapO' 
ature  at  which  it  crystallizes  affects  the  amount  of  water  of  crystallization. 

FEEEOUS  SULPHATE   (Svus.    Ferri  Sri/pAas,       Copptras.    Grem    VitM. 
Sulpkale  of  Iron.      Prolosulphale  of  Iron).      Formula,  ;FeS0».7E/l. 
Uolecnlar  Weight,  378. 
Is  prepared  by  dissolving  iron  in  diluted  sulphuric  acid  by  tlie  aid  of  a 
gentle  heal,  and  crystallizing. 

F^  +  zHjSO^  -  aFeSO^  +  iHj. 
When  iron  is  heated  with  strong  sulpliuric  acid,  ferrous    sulplmte   aad 
sulphurous    anhydride  result;  but  this  is  too  wasteful  a  process  to  be  of 
practical  value  :— 

Fcj  4  4HjjS04  =  iFeSO,  +  aSOj  +  4HaO. 

The  solution  of  ferric  oxide,  or  rust,  in  diluted  sulphuric  acid,  and  addition 
of  scraps  of  iron,  was  formerly  used  for  the  preparation  of  ferrous  sulphaUy 
but  is  now  seldom  adopted,  because  of  the  liability  of  the  ferric  oude  lo 
contain  earthy  matters,  either  as  an  adulteration  or  as  an  accidental  con- 
tamination. 

Ferrous  sulphate  is  produced  commercially  by  the  spontaneous  oxidation 
of  white  iron  pyrites  in  contact  with  the  air ;  and  is  crystallized  out  from  tf« 
liquor  in  which  the  disintegrated  mineral  has  been  lixiviated.  The  B.P. 
thus  describes  it ; — 

In  oblique  rhombic  prisms,  of  a  pale  greenish-blue  colour  and  styptic  taste ; 
insoluble  in  rectified  spirit,  soluble  in  water. 

{For  analysis,  set  .■lulAer'i  AntlyMeal  Cbsioiltl;,  pagt  laO.) 

Ferrous  sulphate  being  insoluble  in  alcohol,  it  follows  that  if  a.  strong 
watery  solution  be  poured  into  rectified  spirit,  the  salt  will  form  a  precipitate 
consisting  of  very  minute  crystals  of  FeS0^.7H30.  This  preparation  is  called 
ftrri  sulphas  granulata,  B.P.  and  is  in  small  granular  crystals  of  a  pale 
greenish-blue  colour,  well  adapted  for  dispensing  purposes.  In  other  respects 
it  corresponds  to  the  characters  and  tests  for  fenous  sulphate. 

This  form  of  ferrous  sulphate  is  much  less  readily  oxidized  by  the  action  of 
the  air  than  the  ordinary  crystals,  and  in  consequence  is  an  admirable  phaj^ 
maceutical  preparation. 

When  heated  to  211°  F.,  ferrous  sulphate  gives  up  its  water,  and 
tinues  to  do  so  as  the  heat  is  raised.  At  400°  F.  it  becomes  a  white 
of  FeSO^.HjO,  called /ivrr'  sulphas  exsiccata.  If  healed  beyond  400' it  paitt 
with  all  Us  water,  and  immediately  begins  to  decompose,  evxrfving  sulphuroos 
and  sulphuric  anhydrides,  and  leaving  ferric  oxide  :— 
zFeSOj  =  FcjOj  +  SOj  +  SOj. 

■WHien  the  ordinary  sulphate  is  exposed  to  the  air,  it  becomes  covered  witb 

a  rust)'  crust  of  ferric  oxysulphate  ;  and  a  similar  substance  is  also  deposited 

I     from  solutions  exposed  to  atmospheric  influence. 


mp!y,  (Fe^OJSO.. 


iulphuric  acid,  known  as 
;  exposed  to  the  air  till 
re  retorts,  when  the  acid 
ic  anhydride  in  sulphuric 


"'^  Ihis  cnist  that  the  fuming  brown  i 

:ii-!i/,  is  prepared.       The    sulphate   i 

:-;ed,  and  then  distilled  in  earthenwa 

This  add  is  a  solution  or  sulphur 

!l.SO«.SOs. 

■  •■  oi  its  great  affinity  for  oxygen,  ferrous  sulphate  is  much  used 
ij^ent  in  analysis.  For  instance,  if  an  excess  of  it  be  mixed 
I  of  auric  chloride,  metallic  gold  is  precipitated.  It  is  sometimes 
Dscii  ibr  ilic  estimation  of  permanganates  and  chromates  or  dichromates,  in 
Bwaequcnce  of  the  great  tendency  of  the  iron  to  assume  the  ferric  state.  A 
Inge  siDotuit  is  employed  in  dyeing,  and  in  the  preparation  of  prussian  blue 
ad  ink. 


TBRRtC  SULPHATE  (Svns.  /■<■«-/  Pa-sulphas.  Persulphate  ef  Iron). 
Fonntila,  PegSSOj.  Molecular  Weight,  400. 
It  ii  yellowish- white  powder,  but  rarely  used  in  the  solid  state  in  pharmacy. 
It  is  employed  tn  the  form  of  a  strong  solution,  called  li-juor /ern  penulphdis, 
which  is  prepared  by  dissolving  ferrous  sulpliate  in  diluted  sulphuric  acid,  and 
wimung  with  a  litUe  nitric  addj  until  the  black  colour  at  first  produced 
cliuigc&  to  reddish-brown.  The  nitric  acid  becomes  reduced  to  nilric  oxide, 
moA  Hberales  nascent  oxygen,  which  immediately  combines  with  the  hydrogen 
of  ihe  sulphuric  acid,  allowing  the  excess  of  SO,  to  combine  with  the  fenous 
nlphaie  and  fonn  the  ferric  salt : — 

6FeS0j  +  3H,S0,  +  ^HNOj  =  sFeasSO^  +  2NO  +  4HsO. 

The  black  colour  produced  on  first  adding  the  nitric  acid  is  caused  by  the 

production  of  nitric  oxide  and  its  union  with    the    ferrous  sulphate.      {See 

Hftlic  Oxide.)     The  compound  is,  however,  immediately  decomposed  by  the 

heat  employed. 

ChamtUrs. — A  dense  solution  of  dark-red  colour,  inodorous,  and  very 
ubrit^nt,  miscible  in  all  projiortions  with  alcohol  and  water :— specific 
gnmiy,  r44i- 

{For  anaSysis,  at  Author' !  Asai.yXie».\  Chemlrtry, /u^-^  loi.) 

When  the  solution  is  evaporated  to  dryness  a  yellowish-red  residue  is  left, 
wlucb  becomes  lighter  in  colour  if  heated,  and  is  afterwards  much  less  readily 
soIoUc  in  water  than  before.     If  the  temperature  be  raised  very  high,  sulphu- 
ric anhydride  is  driven  off,  and  it  has  been  proposed  to  utilize  this  property    - 
for  Uie  pteparaiion  of  that  body. 

When  solution  of  ferric  sulphate  is  digested  with  ferric  hydrate,  a  basic 
•ulpltate  is  formed,  which  appears  on  evaporation  as  a  gummy  uncrystal livable 
mass.  This  is  only  one  of  many  such  basic  ferric  sulpliales  which  have  been 
dbcovered. 


VSHBIC  POTASSICU  SULPHATE  ajid  FERRIC  AUUONIUU  SUL- 
PHATE (SVNS,  Jn»t  Alum.  Ammomo-lnm  Alum.  Potamo-Inm 
Alum'\.    Formnlie,  NH^Fe(80Jo.l3HjO  and  KFe(SO,)o.l2HaO. 

'  ii;i^  (much  used  by  dyers)  crystallize  in  beautiful  crystals,  iso- 
.ii  those  of  ordinary  alum.  The  potassium  salt  has  an  amethyst 
..  ammonio-ferric  sulphate  is  always  colourless,  like  aniraonio- 
iilphaie. 


Iron  Alum  is  prepared  by  heating  a  mixiure  of  Iwo  molecules  of  fer 
sulphate,  one  tnolecale  of  potassium  or  ammonium  sulphate,  aod  one  mole- 
cule of  sulphuric  acid,  with  sufficient  nitric  acid  to  change  the  iron  to  ihc 
ferric  stale,  and  then  crystallizing.  It  is  liable  to  become  rusty  outside,  owiiig 
to  the  formation  of  basic  sulphate ;  and  consequently  the  true  salt  is  but  loo 
often  imitated,  and  thus  sold  as  roche  alum,  by  simply  crystallizing  commoa 
alum  with  a  little  red  ochre,  or  other  earth  containing  ferric  oxide  *  '  ~'~ 
alum  is  employed  when  a  perfectly  neutral  solution  of  a  ferric  salt  b  n 
in  analysis  or  by  dyers. 

The  ammonio-iron  alum  has  been  introduced  as  a  remedial  agent. 

PIUMBIC     SULPHATE     (Svn.    Sulphate    of   Lead).        FormnU,   : 
Molecular  Weight,  303. 

Produced  as  a  while  precipitate  on  treating  a  soluble  salt  of  lead  (sfl 
plumbic  acetate)  with  sulphuric  acid  : — 

PbsCjHPj  +  HjSO,  =  PbSOi  +  aHCjHaOs. 

It  is  nearly  insoluble  in  water,  and  absolutely  so  in  spirit.     It  is  sol 
some  extent  in  strong  sulphuric  acid,  from  which  it  is  reprecipitated  by  'l 
lion  with  water.     It  is  attacked  slightly  by  hydrochloric  and  nitric  acidr 
entire];^  dissolved  by  sodium  or  potassium  hydrates,  and  by  ammonium  a 
Plumbic  and  barium  sulphates  may  be  easily  separated   by  digestion  j 
solution  of  the  last-named  reagent,  the  barium  remaining  undissolved. 

BISMXTTHOTIS  SULPHATE  (Svn.  Sulphate  of  Bismuth).  Pormolft,  1 
Molecular  Weight,  708. 
Prepared  by  the  solution  of  the  metal  in  strong  hot  sulphuric  acid  ,- 
Bij+eHjSO,  =  BigsSO.+  aSOa  +  eHjO. 
By  diluting  the  solution,  a  reaction  somewhat  like  the  following  occurs  v 
2Bia3SO,  +  aHjO  -  fEiO)aSO^   +    Bi5|H^(SOJ,. 
(Bismuthous  (Bismuthyl  (Hydro-Bismuthous 

Sulphate.)  Sulphate.)  Sulphate.) 

CHEOKIC  SULPHATE  (Svns.  Sulphate  of  Chromium.     Sulphate  cf  S 
oxide  of  Chromium).     Formula,  Cr^jSOj. 
Exists  in  two  modifications,  viz.,  violet  and  green  :  the  former  resultsS 
the  digestion  of  chromic  hydrate  dried  at  an"  F.  with  strong  sulphuric  1 
for  a  month.     The  latter  from  the  solution  of  moist  chromic  hydrate  ian 
phuric  acid  at  a  temperature  of  about  130°  F.     Either  of  these  modificaff 
yields,  when  heated  to  400°  F.  with  excess  of  sulphuric  acid,  a  red  cln 
sulphate,  perfectly  insoluble  in  water. 

CHKOMIC    POTASSIUM   SULPHATE   (Svn.     Chrome    Alum). 
KCr(80,),iiH,0. 

May  be  prepared  by  gently  heating  solution  of  potassium  dichi 
with  an  exact  quantity  of  suljjhuric  acid,  dropping  in  a  little  spirit  ti 
whole  turns  green,  and  ctystalhzing.  The  spirit  is  simply  used  to  t 
the  action.     The  equation  has  been  already  given.    (Seepas*  80,) 

It  crystallizes  in  regular  octahedrons  of  a  magnificent  deep  claret  ( 
and  yields  a  dark-green  solution,  and  is  much  used  by  dyers. 


SULPHUR  HALOGEN  COMPOUNDS. 

-t  alum  is  also  knoivn,  NH,Cr(SOt)3i3HjO,  which  may  be  decomposed 
by  Ileal,  and  even  by  prolonged  boiling. 

HTDaoOEH  PYaOSDLPHATE  (Svns.  Dhulphurk And.    Anhydro  Suiphurk 
And.     Nonlhati sen  Sulphuric  Acid).    Formula,  H-BjO,  ;  or  H^SOi-SOj. 

pjred  in  the  crystalline  slate  by  adding  a  molecular  weight  of 
.'Iride  to  amolecular  weight  of  sulphuric  acid.  In  practice  it 
-iiUing  rusty  crystals  of  ferrous  sulphate.  As  found  in  commerce 
..iiiing  liquid  which  becomes  solid  at  3J°Fah.,  and  has  a  specific 
When  distilled  at  a  gentle  heat  it  yields  sulphuric  anhydride, 
/|>liuric  acid  in  the  retort  It  is  used  by  dyers  for  dissolving 
■liraquinone.     Il  forms  a  small  class  of  salts  called  pyrosulphaies 

Lilijhates,     The  potassium  salt  is   KjSjO^  or  KjSO.SOa,  and  is 

fjroducd  by  gendy  heating  potassium  hydrogen  sulphate. 


COMrouXDS  OF  SULPHUR  WITH   THE   HALOGENS. 
SPLPSUE  MONOCHLORIDE.    FormtUa,  S,Cl,  (or  2Sa). 

I-  '  '111  bile  orange-yellow  liquid,  fuming  in  the  air  and  having  a  peculiar 

I  ^-^  prepared  by  distilling  sulphur  at  a  gentle  heat  in  a  retort  kept 

.  1  hlorine,  and  also  by  distilling  sulphur  with  mercuric  or  stannic 

i    lias  a  specific  gravity  of  i'687,  and  boils  at  177°  Fah.     Il  is  an 

...i:ut  for  sulphur,  and  is  itself  miscible  with  carbon  disulphide. 

Tbc  piLjj.u^.iiion  known  in  pharmacy  as  hypochloride  of  Bolpbur,  and  used  in 

ikJD  disc;3ses,  is  simply  the  monochloride  thus  saturated  with  sulphur.     A 

i^UDOJi  uf  it  in  benzol  saturated  with  sulphur  is  used  for  vulcanizing  india 

rvb^    In  contact  ivJth  water,  alcohol,  or  ellier,  it  is  at  once  decomposed, 

'iteactioD  with  the  first-named  being  : — 

aSjClj  +  3H3O  =  S3  +  H^SjOj  +  4HCI. 

in  a  freeiing  mixture  of  ice  and  salt,  and  passing  chlorine  to  satuta- 

:  (jrraed  into  solpbor  dicUoride,  SClj,  which  is  a  deep-red  liquid  ; 

ing  the  cold  to  -  4°  Fah.  more  chlorine  can  be  absorbed,  and  a 

.    .    I.  .  .'.'  produced,  having  the  formula  SCI^.    This  latter  product,  when 

jiUoI  ujio:!  by  sulphuric  anhydride,  behaves  thus  : — 

SOj  +  SCU  =  SOCla  +  Clj  +  SOj. 

THIOHTL  CHLORIDE  {Sts^.  Sulpkurout  Chloride.  0.tycMeride  0/ Sulphur). 
Ponnula,,  SOCL, 
Is  a  colourless  and  highly  refractive  liquid,  boiling  at  j8o°  Fah.,  which  is 
picpared — 
(i)  Sj  ll»e  action  of  sulphurous  anhydride  on  phosphoric  chloride:— 

PCIs  +  SOj  =  SOCIj  +  POClj. 

(a)  By  the  action  of  phosjihorous  oxychloride  on  calcium  sulphite  : — 

iPOCIj  +  jCaSOj  =  sSOCla  +  CaaaPO,. 

On  touching  water,  it  forms  hydrochloric  and  sulphurous  acids;  and  on 

with  an  alcohol,  it  forms  the  corresponding  haloid  ether  : — 

aCjHjHO  +  SOCla  =  sCjHsCl  +  H^SOj. 
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SULPHTJRTL    CHLORIDE     (Syns.  Sulphuric  Oxychloride.     CMoromlphuric 
Acid),    Formula,  SO2CI9. 

Results  from  the  prolonged  exposure  of  sulphurous  anhydride  and  chlorine 
to  direct  sunlight ;  and  may  also  be  prepared  by  distilling  sulphuric  acid  with 
phosphoric  chloride. 

2PCI5  +  HgSO^  =  SO2CI3  +  2P0Cls  +  2HCI. 

It  is  a  fuming  liquid,  boiling  at  1 70°  Fah.,  and  having  a  specific  gravity  of 
I  '66.  It  behaves  like  thionyl  chloride  with  alcohol,  except  that  it  forms  sul- 
phuric instead  of  sulphurous  acid,  which,  in  the  case  of  alcohol,  attacks  the 
excess  of  that  body  and  forms  ethyl  sulphuric  acid. 

By  the  action  of  water  molecule  to  molecule  it  yields  snlphnric  cblorhydrate, 
HCISO3,  or  chlorohydrosulphurous  acid^  thus : — 

SO2CI2  +  H2O  =  HCISO3+HCI. 

BROmNE  MONOCHLOBIDE. 

Results  from  the  solution  of  sulphur  in  bromine,  but  has  not  been  obtained 
in  a  state  of  purity. 

IODINE    MONOSULFHIDE    (Syn.  Sulphuris  lodidum).    Probable  formida, 
S2I2 

Prepared  by  heating  iodine  with  sulphur. 

The  B.P.  directs  the  iodine  and  sulphur  (in  the  proportion  of  4  to  i  by  weight) 
to  be  fubbed  together  in  a  mortar  until  they  are  thoroughly  mixed.  Put  the 
mixture  into  a  flask,  close  the  orifice  loosely  and  apply  a  gentle  heat,  so  that  the 
colour  of  the  mass  shall  become  gradually  darkened.  When  the  colour  has 
become  uniformly  dark  throughout,  increase  the  heat  so  as  to  produce  lique- 
faction. Then  incline  the  flask -in  different  directions,  in  order  to  return  into 
the  liquid  any  portion  of  the  iodine  which  may  have  been  condensed  on  the  . 
inner  surface  of  the  vessel.  Lastly,  withdraw  the  heat^  and  when  the  liquid 
has  congealed,  remove  the  mass  by  breaking  the  flask,  reduce  it  to  pieces, 
and  keep  these  in  a  well-stoppered  bottle. 

Characters  and  Tests, — A  greyish-black  solid  substance,  with  a  radiated 
crystalline  appearance.  It  resembles  iodine  in  smell,  and  in  the  property  of 
staining  the  cuticle  when  applied  to  it.  Soluble  in  sixty  parts  of  glycerin,  and 
insoluble  in  water,  but  when  boiled  in  water  is  decomposed.  If  100  grains 
be  thoroughly  boiled  with  water,  the  iodine  will  pass  off  in  vapour,  and  about 
20  grains  of  sulphur  will  remain  (correct  proportion  of  iodine  and  absence  of 
impurities). 


CHAPTER  VIII. 
CARBON. 


CARBON.    Symbol,  C.    Atomic  Weight,  12. 

This  element  is  found  free  in  nature,  as  well  as  combined  in  many  minerals. 
In  union  with  oxygen  as  carbonic  anhydride  it  exists  as  a  small  but  constant 
ingredient  in  the  atmosphere ;  it  is  also  the  characteristic  element  of  all 
organized  tissues,  whether  vegetable  or  animal.  A  knowledge  of  the  chemistry 
of  carbon  in  all  its  branches  is  equivalent  to  an  acquaintance  with  what  was 
formerly  styled  Organic  Chemistry. 

Carbon  is  an  sdlotropic  body,  that  is,  it  exists  in  various  states,  which, 
though  chemically  the  same,  are  yet,  physically,  without  the  least  resemblance 
to  each  other.  There  are  two  great  varieties  of  carbon — crystalline  and 
amorphous. 

CrystaUine  Carbon : — 

1.  The  diamond.  Although  for  some  time  previously  the  true  composition 
of  the  diamond  had  been  suspected,  it  was  only  at  the  beginning  of  the 
present  century  that  conclusive  evidence  was  obtained.  The  diamond  is  now 
known  to  be  nearly  pure  carbon,  which  when  burned  in  an  atmosphere  of 
oxygen  yields  nothing  but  carbonic  anhydride,  and  leaves  a  minute  ash  con- 
sisting chiefly  of  silica  and  ferric  oxide.  The  specific  gravity  of  the  diamond 
is  from  3*5  to  3'55,  and  thus  furnishes  an  excellent  test  of  genuineness. 
Heated  to  about  the  melting  point  of  silver  it  blackens,  and  evolves  carbonic 
anhydride,  while  it  is  entirely  converted  into  a  coke-like  mass  by  the  heating 
of  a  powerful  galvanic  batter)'.  The  diamond  is  the  hardest  known  body, 
and  has  to  be  split  and  polished  by  fragments  of  itself.  Crystals  of  the  gem, 
when  so  set  in  a  handle  that  an  edge  where  two  natural  faces  of  the  crystal 
meet  and  project  from  the  holder,  possess  the  power  of  cutting  glass.  The 
setting  is  important,  as  a  splinter  from  a  diamond  will  only  scratch,  without 
cutting. 

2.  Graphite,  also  called  plnmbago  and  black  lead,  is  a  cr)'stalline  carbon, 
containing  as  a  rule  more  extraneous  mineral  matter  than  the  diamond.  The 
chief  constituent  of  its  ash  is  iron,  the  proportion  of  which  varies  up  to  5  per 
cent  It  is  formed  artificially  during  the  cooling  of  ordinary  cast  iron,  and 
the  cr}'stals  thus  i)roduced  are  called  by  iron-workers  kish.  The  diamond 
crystallizes  in  octahedra  (regular  system),  while  graphite  is  found  in  six-sided 
prisms  (hexagonal  system).  The  uses  of  graphite  in  the  arts,  in  the  manu- 
facture of  f>encils  and  as  a  polishing  powder  for  iron,  are  too  well  known  to 
require  description.  It  may  be  noted,  that  although  formerly  cut  from  the 
solid  mineral,  pencils  are  now  chiefly  made  from  the  powdered  graphite  puri- 
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fied  from  silica,  by  making  it  into  a  paste  with  certain  binding  materials^ 
moulding,  and  drying. 

Amorphous  carbon  is  found  chiefly  as  charcoal,  lampblack,  and  coke,  and 
occurs  in  the  Pharmacopoeia  in  three  forms.     ' 

1.  Wood  charcoal  {carbo  iignt)^  which  is  prepared  by  burning  wood  in  closed 
retorts  out  of  contact  with  the  air,  and  is  therefore  the  residue  of  the  destruc- 
tive distillation  of  wood.  {See  Methyl  Hydrate  and  Acetic  Acid.)  It  contains 
the  natural  mineral  matters  of  the  plants  from  which  it  is  derived,  which  are 
chiefly  potassium  salts. 

Characters. — In  black  brittle  porous  masses,  without  taste  or  smell,  very 
light,  and  retaining  the  shape  and  texture  of  the  wood  from  which  it  was 
obtained.  WTien  burned  at  a  high  temperature  with  free  access  of  air,  it 
leaves  not  more  than  two  per  cent  of  ash. 

2.  Animal  charcoal  {carbo  animalis)  is  prepared  by  the  carbonization  of 
bones  in  closed  vessels  ;  it  is  rich  in  bone  earth  (chiefly  calcium  phosphate). 
It  is,  according  to  the  B.P., — 

The  residue  of  bones  which  have  been  exposed  to  a  red  heat  without  the 
access  of  air.  Consists  principally  of  charcoal,  phosphate,  and  carbonate  of 
lime. 

3.  Pnrified  animal  charcoal  {carbo  animalis  purijicatus)  is  pure  carbon 
obtained  by  dissolving  out  the  phosphates  and  other  earthy  matters  from 
ordinary  animal  charcoal,  by  means  of  dilute  hydrochloric  acid. 

Characters, — The  B.P.  preparation  is  a  black  pulverulent  substance ;  in- 
odorous and  almost  tasteless.  Tincture  of  litmus  diluted  with  twenty  times 
its  bulk  of  water,  agitated  with  it  and  thrown  upon  a  filter,  passes  through 
colourless.  When  burned  at  a  high  temperature  with .  a  little  red  oxide  of 
mercury  and  free  access  of  air,  it  leaves  only  a  slight  residue. 

When  carbon  bums  in  a  limited  supply  of  oxygen  or  air,  carbonous  oxide 
^CO)  is .  produced,  while  in  a  full  supply  the  resisting  gas  is  carbonic  anhy- 
dride (CO2). 


COMPOUNDS  OF  CARBON  AND  HYDROGEN. 

The  atom  of  carbon  being  a  tetrad,  can  naturally  combine  with  four  atoms 
of  hydrogen,  thus  forming  a  saturated  molecule  CH^  : — 

H 
H— C— H 

i 

The  next  possible  saturated  compound  would  be  CgHg,  because  the  two 
carbon  atoms  in  uniting  with  each  other,  would  each  lose  one  point  of  their 
atomicity,  thus : — 

H 

H— C— H 

I 
H— C— H 

I 
H 


COMPOUNDS  OF  CARBON  AND  HYDROGEN. 


137 


In  the  same  manner  the  saturated  molecule  produced  from  three  atoms  of 
carbon  would  be  QHg,  thus : — 

H 


H— C— H 

I 
H~C— H 

I 
H— C— H 

I 
H 


In  this  way  an  endless  series  of  c6mpounds  might  be  produced,  each 
member  of  the  series  differing  from  the  one  below  it  by  a  constant  addition  of 
CHj|.     Such  a  series  is  said  to  be  homologous  {oit,hfiy  t/u  same). 

By  parting  with  one  or  more  atoms  of  their  hydrogen,  these  saturated  com- 
pounds can  give  birth  to  basylous  radicals,  the  atomicity  of  which  is  always 
equal  to  the  number  of  hydrogen  atoms  so  parted  with.  Thus  CH^  may  give 
rise  to  the  radical  CH3,  which  will  then  act  as  a  monad ;  also  to  the  radical 
CHj,  which  will  act  as  a  dyad ;  and,  lastly,  to  CH,  which  will  behave  as  a 
triad  radical. 

To  enable  us  readily  to  remember  the  composition  of  any  particular  radical 
we  use  certain  typical  formula*,  by  the  aid  of  which,  coupled  with  a  remem- 
brance of  the  amount  of  carbon  in  any  radical,  we  are  enabled .  at  once  to 
formulate  it  correctly.  In  these  typical  formuLne,  /;  is  enii)loycd  to  signify  the 
number  of  carbon  atoms,  and  we  have,  for  example  :  C„ir>n+.2.  Which  means, 
that  whatever  may  be  the  number  of  atoms  of  carbon  contained  in  any  mem- 
ber of  the  homologous  scries  which  this  formula  represents,  the  atoms  of 
hydrogen  will  be  exactly  twice  as  numerous  with  two  added. 

A  glance  at  the  following  table  will  show  the  derivation  of  some  of  these 
radicals,  and  will  also  serve  to  exhibit  the  system  of  nomenclature  which  is 
followed : — 


Saiurait'd  Scrips. 

Monad  Series, 

Dyad  Series. 

Triad  Series. 

C„Hon_j. 

CH^. 

Methane. 

(CH3)'. 

Methyl. 

(CHo)". 

Methene 

(or  Methylene). 

(CH)'". 
^Iethcnyl. 

Ethane. 

(C3H5)'. 
Ethyl. 

(C.H,)'. 

Kthene 

(or  Ethylene). 

(QH,)'". 
Ethcnyl. 

C3HQ. 
Propane. 

(C3H7)'. 
Propyl. 

(CsH.)'. 

Propene 

(or  Propylene). 

(QH^)'". 
Propenyl. 

A  full  study  of  these  bo<lies  will  be  found  in  future  chapters,  together  with 
their  many  interesting  derivatives,  including  alcohols,  ethers,  and  the  so-called 
organic  acids.  Meantime  it  is  advisable  to  obtain  a  familiarity  with  the  three 
commoner  hydrocarbons  to  enable  the  student  to  understand  the  composition 
of  ordinary  coal  gas,  which  essentially  is  a  mixture  of  several  of  them. 
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METHANE     (Syns.  Marsh  Gas.    Light  Carburetted  Hydrogen.    Fire  Damp). 
Formula,  CH^. 

This  is  a  colourless  and  almost  inodorous  gas,  which  is  not  acted  upon  by 
chlorine  in  the  darky  and  burns  in  the  air  with  a  yellow  flame,  forming  carbonic 
anhydride  and  water. 

CH^  +    2O2   =  CO3  +  2H2O. 
2  vols.  +  4  vols.  =        2  vols.  \ 

It  is  given  off  from  stagnant  pools  of  water,  and  is  also  the  dreaded  Jire 
damp  of  our  coal  mines.  It  constitutes  the  chief  inflammable  but  not  the 
luminous  portion  of  coal  gas.  A  litre  of  it  weighs  71558  gramme  ;  100  cubic 
inches  weigh  17*41  grains. 

It  may  be  prepared  by  heating  sodium  acetate  with  sodium  hydrate  in  the 
presence  of  calcium  hydrate  to  prevent  fusion  {soda  lime). 

NaCgHgOg  +  NaHO  =  CH^  +  Na^COg. 
If  the  sodium  hydrate  were  used  pure,  it  would  fuse  and  attack  the  glass. 

ETHENE    (Syns.  Ethylene.     Oleflant  Gas,     Heavy  Carburetted  Hydrogen). 
Formula,  CgH^. 

Is  a  colourless  gas  having  a  slight  smell  of  garlic.  It  is  nearly  insoluble 
in  water,  but  soluble  in  alcohol,  ether,  and  volatile  and  fixed  oils.  It  burns 
in  the  air  with  a  very  brilliant  white  light,  and  is  both  an  inflammable  and  a 
luminous  constituent  of  gas.  It  is  very  explosive  when  mixed  with  air  or 
oxygen  : — 

C3H4+    3O0    =2C02+2H30. 

2  vols.  +  6  vols.  =      4  vols. 

It  is  prepared  by  heating  alcohol  with  six  times  its  weight  of  strong  sul- 
phuric acid,  and  passing  the  gas  evolved  first  through  solution  of  potassium 
hydrate  to  absorb  carbonic  and  sulphurous  anhydrides,  and  then  through 
strong  sulphuric  acid  to  absorb  ether  vapour,  all  of  which  are  simultaneously 
produced  with  the  ethene.  The  action  is  one  of  simple  abstraction  of  water 
by  the  sulphuric  acid  thus  : — 

CgHgHO  —  HgO     =     CgH^, 

When  ethene  is  mixed  with  chlorine  in  equal  volumes  they  combine,  even  in 
the  dark,  to  form  a  heavy  oily  liquid  called  ethene  chloride,  CgH^Clg,  or  Dutch 
liquid;  hence  the  name,  olefiant  or  oil-producing  gas. 

ETHINE    (Syn.  Acetylefte).    Formula,  OjHa. 

Is  a  colourless  gas,  which  when  mixed  with  chlorine  explodes  and  deposits 
carbon,  and  also  burns  in  the  air  with  a  bright  smoky  flame.  It  is  formed 
artificially  by  direct  synthesis  fi*om  its  elements  by  burning  an  electric  light 
from  two  carbon  points  in  a  current  of  hydrogen.  The  battery  used  must  be 
very  powerful,  and  on  passing  the  resulting  gases  through  a  cuprous  chloride 
a  red  deposit  forms,  which  when  treated  with  hydrochloric  acid,  yields  pure 
ethine.  It  is  rapidly  absorbed  by  fuming  sulphuric  acid,  and  may  also  be 
produced  by  passing  a  mixture  of  methane  and  carbonous  oxide  through  a 
red-hot  tube. 

CH^  4-   CO    =  C2H3  +  H2O. 

2  vols,  +  2  vols.  =  2  vols. 

COAL  GAS. 

Is  prepared  by  throwing  coal  into  red-hot  iron  retorts  and  immediately 
closing  them.  The  gas  produced  first  passes  through  coils  of  pipes  to  cool 
it|  and  cause  it  to  deposit,  as  tar^  all  the  constituents  not  gaseous  at  ordinary 
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temperatures.  It  is  then  passed  through  purifiers  filled  with  a  mixture  of  saw- 
dust and  moist  ferric  oxide  to  absorb  impurities  such  as  carbonic  anhydride 
and  sulphuretted  hydrogen.  Finally,  it  is  received  into  the  gasometers,  where 
it  is  stored  over  water  for  use. 

The  products  of  coal  distillation  are  usually  thus  given  : — 

A.  In  the  Gas,  B.  In  the  Tar,  or  left  in  the  Purifiers, 

*  OleAant  gas,  CgH^.  Liquid  hydrocarbons. 

*  Acetylene,  CjHg.  Carbolic  acid. 

t  Marsh  gas,  CH^.  Naphthaline,  (solid)  Ci(,Hg. 

Hydrogen.  Anthracene,      „       Ci^H^q. 

Nitrogen.  Ammonium  salts. 

*  Vapours  of  liquid  hydrocarbons.  Cyanides. 

{  Carbonous  oxide.  Carbonic  anhydride. 

X  Carbon  disulphide.  Sulphiuretted  hydrogen. 

Good  coal  gas  (issuing  from  an  argand  burner  at  the  rate  of  5  cubic  feet 
per  hour)  should  have  an  illuminating  power  equal  to  12  or  14  sperm  candles, 
and  should  not  discolour  moist  turmeric  paper  (absence  of  NH3)  or  paper 
dipped  in  solution  of  plumbic  acetate  (absence  of  HoS). 

The  value  of  coal  gas  for  illuminating  purposes  is  practically  ascertained 
by  comparing  its  light  with  that  of  a  sperm  candle,  in  an  instrument  called  a 
photometer ;  but  a  very  shrewd  estimate  of  its  quality  may  be  made  by  taking 
a  known  volume  over  mercury  and  then  introducing  bromine  or  fuming  sul- 
phuric acid.  The  greater  the  contraction  of  volume  which  then  takes  place, 
the  better  the  gas  (/>.,  richer  in  ethene,  acetylene,  and  kindred  bodies). 


COMPOUNDS  OF  CARBON  WITH  OXYGEN, 

CARBONOUS  OXIDE  (Svns.  Carbonic  Oxide,  Carbon  Monoxide). 

Formnia,  CO.  Molecular  Weight,  28.  Density,  referred  to  Hydrogen,  14. 
Density,  referred  to  Air,  '968. 

Is  produced — 

1.  By  the  combustion  of  carbon  in  a  limited  supply  of  air. 

2.  By  passing  carbonic  anhydride  over  red-hot  charcoal  : — 

COo  +  C  =  2CO. 

2  vols.         4  vols. 

3.  By  heating  oxalic  acid  with  sulphuric  acid  :  — 

HXaO^  +  H2SO4  =  H0SO4H.O  +  CO  4-  CO3 ; 

and  then  absorbing  the  carbonic  anhydride  by  passing  the  mixed  gases  through 
solution  of  calcium  hydrate. 

4.  By  heating  crj'stallized  potassium  fcrrocyanide  with  ten  times  its  volume 
of  strong  sulphuric  acid  : — 

K^FeCjNc.3HoO  +  GHgSQ^  +  3H.O  =  6C0  +  2K3SO4  +  FeSO,  +  3(>''H,)2SO^. 

It  is  important  not  to  continue  the  heating  beyond  the  point  sufficient  to 
liquefy  the  contents  of  the  retort,  as  the  sulphuric  acid  is  reduced  to  sulphu- 
rous anhydride,  and  carbonous  oxide  is  no  longer  evolved. 


*  The  mo5;t  valuable  illuminating  portions. 

t  The  largest  constituent. 

\  The  most  undesirable  impurities. 


Carbonous  oxide  is  an  exceedingly  poisoaous  gas,  colourlfss,  inviaibic,  and 
I  Bcaiceiy  soluble  in  water.     It  bums  in  the  air  wt^  a  blue,  lambent  flaoe^'^ 
producing  carbonic  anhydride. 

It  reduces  at  a  red  heat  many  muiallic  oxides,  and  it  Ihtis  plays  an  impor- 
tant |)aTt  in  the  preparation  of  metals,  such  as  iron,  the  ores  of  which  are 
heated  in  a  furnace  with  coal. 

It  is  absorbed  by  potassium  hydrate,  producing  potassium  formate  ; — 

KHO  +  CO  =  KCHOj. 

I  But  its  best  absorbent  is  solution  of  cuprous  chloride,  which  is  therefore  tlw 
L  reagent  employed  for  this  purpose  in  gas  analysis.  Carbonous  oxide  acts  , 
f.as  a  dyad  radical  in  displacing  the  hydrogen  of  compound  radicals,  such 
E  ammonia,  and  is  then  called  carbonfl.     {See  Amides-j 


[  eAKBONIC    ANHYDRIDE    (Svns.     Carton    Dw.xUc.      Carbmu  Aeid  Gai. 
Choke  Damp).     Formula,  CO,,.    Molecular   Weight,  44. 
ttjerred  to  Hydrogen,  22.     Density,  referred  io  Air,  1-524. 

Is  prepared — 

I.  By  biiraing  carbon  in  a  full  supply  of  oxygen. 
a.  By  the  action  of  an  acid  upon  a  carbonate : — 

CaCOj  +  sHCt  =  CaClg  +  C0„  +  H3O. 

It  is  given  off  io  great  abundance  from  volcanoes,  and  also  in  certain  fi^ 
in  volcanic  regions,  notably  the  Grotto  del  Cane  in  Italy.  It  is  the  invar" 
product  of  the  burning  of  vegetable  and  animal  matters  in  the  air,  and  { 
ehokt  damp  which  collects  in  mines  after  an  explosion.  Carbonic  anhy^ 
is  colourless,  incombustible,  and  much  heavier  than  air.  It  is  solul^ 
water,  and  also  to  some  slight  extent  in  alcoliol ;  and  when  prepared  ft 
should  be  collected  by  displacement.  {See  Chlorine.)  Atmospheric  p 
greatly  increases  the  solubility  of  carbonic  aniiydride  in  water,  of  whicfa 
ordinary  aiirated  waters  ate  examples.  Carbonic  anhydride  may  be  liqiM 
by  a  pressure  of  36  atmospheres  at  31°  F.,  and  the  resulting  fluid  will  solidi^" 
by  the  cold  produced  by  its  own  evaporation  as  it  issues  from  a  small  jet  into 
a  metallic  cylinder.  Liquid  carbonic  anhydride,  mixed  with  ether,  creates  an 
intense  degree  of  cold.  The  solution  of  carbonic  anhydride  in  water  is  viewed 
as  being  carbonic  acid,  HjCOgj  but  that  body  has  not  been  isolated,  owing 
to  the  great  readiness  with  which  it  decomposes.  Such  solution  possesses  a 
sharp  taste,  and  is  acid  to  test-paper.  It  is  the  acid  which  gives  rise  to  the 
class  of  salts  called  carbosates.  The  carbonates  of  ammonium,  sodium,  and 
potassium  are  soluble  in  water;  that  of  lithium  is  sparingly  so,  and  the 
remaining  metallic  carbonates  are  insoluble. 

All  carbonates  effervesce  with  acids,  giving  off  carbonic  anhydride,  and 
when  heated  to  dull  redness  become  converted  into  oxides,  except  the  carbo- 
nates of  calcium,  barium,  and  strontium,  which  require  continued  bright-red 
heat,  and  those  of  sodium  and  potassium,  which  are  not  decomposed  by  heat 
Solutions  of  soluble  carbonates  precipitate  most  metals  from  their  solutions, 
either  in  the  form  of  carbonates,  hydrocarbon  ate  s,  or  simple  hydrates.  The 
first  variety  of  precipitate  is  produced  in  solutions  of  calcium,  barium,  stron- 
tium, silver,  lead,  and  mercury ;  the  second,  in  solutions  of  magnesium.  Bine, 
copper,  ferrous  iron,  and  bismuth;  the  third,  in  solutions  of  aluminium,  fenic 
iron,  chromiiun,  and  antimony. 


L/THlCSf  ASD  AMMOStVX  CAtOSOSATES. 


ilETALLIC  CARBONATESl 
LETEniX  CAABOXATX  iSvx.  Zattu  CcHwhi).  PkhbK  Li^ 
b  pnxluced  hj  momg  ico^  wlwfkMW  <tf  ItiltiaiD  dtlonde  (or 
aod  amtnuniitiii  ariwaaie: — 

jija+(NHj,co,=  ii,a),^»NH,a. 

In  conseqnettce  of  Inhinm  cubooate  bdng  soloble  lo  the  exteat  of 
>  t  per  cent  in  water  at  60*  F.,  it  caiUKM  be  procured  m  a  kit  pun  mu  b^j 
.(..    —   .-.    .1   -^  if  (I  ^  washed  laaeb,  a  copswleixble  waste  is  tDavraL     It  Si 
■  adrbabk  to  bcfin  bjr  ujaieiliBg  Ittfahno  solplute  into  KluMn 
iible  decooiponitoB  with  buiam  acetate,    llic  soboan, 
cvapontioo,  pdds  litbtmn  acetate  in  a  solid  rw^itwn 
this  natil  the  resdne  is  white,  it  is  amToicd  into  ovboMtCL 
the  salt : — 
Talt. — In  white  powder  or  in  minute  crrstaHine  paim; 
'  "e  in  100  pons  of  cold  water,  insoluble  in  akottoL 
ace  in  bydrochlotic  acid. 
or  Aatl^t  A— ly«al  ChMJilij  ./ty  94.) 
solution  of  this  salt  of  ^  pei  cent,  stiength  exhibits  the  tcactioa  of  an 
i.      A  ho:  ^turated  solotioQ  wiD  deposit  the  anhydrous  caiboiute  by  slow 
In  some  respects  it  resembles  sodium  bydrocarbonate.     Dis-; 
M  in  the  proportioD  of  half  a  grain  per  oancc,  and  the  solatioa 
1  coibooic  anhydride  at  a  pressure  of  about    100  pounds  per' 
he  resultipg solution  is /i^iwr /(?.*(« ^^rewwK,  B.P.     On  account 
of  the  snuJI  atomic  we^t  of  lithium,  a  little  of  its  carbonate  will  [lerfomt  tb« 
office  as  3  much  larger  amount  of  sodium  or  potassium  caibonalc  This 
and  the  ready  solubthty  of  the  salt  it  forms  with  uric  acid  (lithium 
'  .t  reasotis  for  the  introduction  of  lithium  satis  into  medicine. 
:iius  describes  the  manufacture  of  liquor  litkia  eftmutns  : — 

i._      -3te  of  I.ithta 10  graiDs. 

\'.i;ci I  pint. 

Mix  in  3  suitable  apparatus,  and  pass  into  it  as  much  pure  washed  or* 
faoaic  add  gas,  obtained  by  the  action  of  sulphuric  acid  on  chalk,  as  can  be 
iBttoduccd  with  a  pressure  of  seven  atmospheres.  Keep  the  solution  in  bottles 
secttrely  closed,  to  prevenl  the  escape  of  the  compressed  gas. 

Charaeters  and  Tests. — Effervesces  strongly  when  the  containing  vessel  is 
Opened,  carbonic  acid  gas  escaping.  The  liquid  is  clear  and  sparkling,  and 
lux  Bii  agreeable  acidulous  taste.  Half  a  pint  of  it,  evaporated  lo  dryness 
jFJdd*  five  grains  of  a  white  solid  residue,  answering  to  the  tests  for  carbonate 
of  Ihhia.  ' 


I     **^ 

\     prt.(i.^ 


AKMORIUU  CARBONATE  (Syns.  Carbonate  of  Ammonia.      Diammoniim 
Cari'v'uile).     Formula,  CNH^)gCOa. 
Has  not  been  isolated.     The  ordinary  carbonates  containing  a  larger  per-  ' 
centage  of  the  carbonate  radical,     It  is  supposed  to  exist  in  sfiiritus  ammonia 
aromaliats,  being  formed  by  the  action  of  the  ammonium  hydrate  on  the  official   | 
carbonate,  thus ; — 

N^HisCjOa  +  iNH^HO  -  ^(NH^).^,  +  HjO. 
In  practice,  however,  it  contains  a  slight  excess  of  ammonium  hydrate,  owing 
I  i|ff  ■ome  of  the  bicarbonate  remaining  in  the  retort. 


j  AKMONIUM-HYDEOGEN   CARBONATE    (Svns.  ^uarbonaU  <•/  Ammania, 

Aa^l  Carbimaie  of  Ammimia.   Ammonium  Bkarbonate.     Hydrie  AmmO- 

nic  Carbomtt).     Formnla,  KH^HCOg. 

Is  prepared  by  saturating   ammonium    hydrale  with  carbonic  anhjrdride. 

I  The  ordinary  carbonate  of  ammonia  of  the  shops,  when  exposed  to  the  air,  is 

slowly  converted  into  this  salt,  which  has  a  less  ammoniacal  odour  than  the 

other  compounds  of  ammonium  and  the  carbonate  radicals.     It  can  be  sq)ft- 

rated  from  the  carbonate  above  described  by  treatment  with  alcohol  of  96 

per  cent,  strength,  in  which  it  is  insoluble,  while  the  ammonium  carbonate 

dissolves. 


1 


I  TETH-AiOIONnnit    CAEBONATE     (Svns.  Sagui-Carbonair   nf  Ammonia. 
Ammonia  Carbonas).     Formula,  KjHjuCaOj.    Molecular  Weight,  839. 

Commercial  carbonate  of  ammonia  consists  essentially  of  this  salt.  It  is 
prepared  by  heating  together  calcium  carbonate  and  ammonium  chloride  ot 
sulphate,  until  no  more  tetr-ammonium  carbonate  sublimes ;  when  Uic  follow- 
ing reaction  probably  takes  place  : — 

3(NH,)3SO,  +  3CaCOg  -  N4H,jCs08  +  H30+ iNHj  +  sCaSO^. 

The  salt  is  found  sufficiently  pure  in  commerce  for  all  pharmaceutical  pur- 
poses, and  the  manufacture  on  the  small  scale  is  troublesome.  It  is  met  Wllh 
in  translucent  crystalline  masses,  with  a  strong  ammoniacal  odour  and  alkaline 
reaction ;  soluble  in  cold  water,  more  sparingly  in  spirit  It  volatilizes  entkdy 
when  heated,  and  is  readily  dissolved  by  acids  with  effervescence, 

{Fer  analysis  anJimpuriiin,  leeAulApr's  AiuJjtle(JClieoilrti7./j^f94  ) 

20  grams  of  ]  ngutraUze  (  ^-■'^  S^*^'"*  *-''"*^  '^"''■ 

Carbonate  of  Ammonia  j  (  255  grains  Tartaric  Acid. 

The  formula  NiHi„CjOg  must  be  regarded  as  purely  empirical,  being  ^_ 
composed  of  one  molecule  of  anmioninm  carbamate  (N,HgCOa),  and  two  of 
ammonium-hydrogen  carbonate  (NH^HCOj).  The  carbamate  is  regarded 
as  derived  from  diaramonium  carbonate  by  the  abstraction  of  the  elements  of 
water,  which  body  is  easily  and  quietly  taken  up  again  on  exposing  the  car- 
'  bamate  to  its  action,  Tetr-ammonium  carbonate  does  not  dissolve  in  water 
without  decomposition.  If  the  powdered  salt  be  stirred  up  with  water,  and 
the  solution  after  a  few  seconds  poured  off,  the  residue  will  be  tolerably  pure 
ammoniuin-hydrogen  carbonate. 

Carbamates  may  be  viewed  as  being  derived  from  an  acid  called  carbamic, 
which  has  not  been  isolated.  The  formula  of  this  acid  is  considered  to  be 
HNHjCOj,  or,— 

CO  [  ^^'  ]  which  yields  by  displacement  of  H  by  ammonium,  CO  (  25^ 

The  formula  of  ammonium  carbarraate  is  therefore  NH^NHjCOj,  or  empi- 
I  rically  NjHnCOj.  and  the  whole  molecule  of  coram  erdal  (rarfoffu/^  of  ammonia 
\  is  thus  constituted  : — 

NH*HCO^  f  Two  molecules  ammonium -hydrogen  carbonate. 
NjH(  COj      One  molecule  ammonium  carbamate. 


N^HinCjOg 


The  strong  odour  of  the  commercial  carbonate  is  due  chiefly  to  the  press 
\  of  carbamate. 


The    afRnilies  and  analogies    of  ammoniuro   carbonate   arc  nuincrod 
Through  ammonium  cyanate  il  has  aflinity  with  cyanates  generally,  and  a" 
with   Nistjihocyanates.      {.S/v  Cyanogen.)      Thus  substances  between  whi 
there  were  formeTly  supposed  to  be  no  noticeable  resemblance,  are  now  s 
to  l>c  members  of  greatly  similar  (in  some  cases  identical)  series. 

In  ptactirc,  the  manufacture  of  lelr-ammonium  carbonate  is  sometimd 
conduLtcd  by  the  dry  distillation  of  any  animal  matter.  If  produced  in  (t^M 
manner,  it  requires  purification,  which  is  carried  out  by  re*ubliming  the  in 
pure  salt  with  the  charred  material  left  in  the  retort  after  the  evolution  a 
\-aptmi  ha*  entirely  ceased.  It  is  best  to  condense  the  Bublimatc  iii  i 
earthen  or  glass  receiver,  but  lead  is  sometimes  employed.  The  chief  p«, 
bable  contaminations  are  ammonium  sulphate,  ammonium  chloride,  calciifl 
hydrate,  calcium  chloride,  lead,  and  rarely  ammonium  hyposulphite. 

^  the  et'aporalioTi  of  a  solution  of  the  commercial  salt  in  liquor  a 
the  pure  Icir-ammonium  carbonate  is  procured,  the  crystals  of  which  i 
unnsparent  and  prismatic.  These  decompose  into  ammonium-hydrogen  c 
bonalc  upon  exposure  to  the  air  much  more  readily  than  the  fibrous  opalcsc^ 
masses  in  which  the  salt  exists  in  commerce.  In  consequence  of  amraoniti 
carlnmate  being  more  volatile  than  ammonium  carbonate  it  is  dissipali 
before  llie  latter;  and  therefore,  after  exposing  commercial  sfs^ui-titrtffn^ 
to  the  air  for  some  time,  the  residue  receives  the  name  of  "  mild 
of  ammonia,"  and  its  vapour,  which  only  comes  off  slowly,  is  very  fcefcj 
alkaline  to  red  litmus  paper.  The  solution  in  dilute  acids  should  be  perfecf 
colomless,  otherwise  contamination  with  oily  erapyreumatic  products  is  1 
dicatcd. 

SODIUU  CARBONATE  (Si-ns,  So.ite  Carbonas.  Si,b<:ar!-<maU  of  S.'.I.i. 
SoJa.  Disodk  CarbondU),  Formola,  Na^COj.  Holeoalar  Weight,  10& 
Formula,  when  cryataUiied,  H'a.jCOj.lOHjO. 

This  highly  important  salt  is  found  in  nature  in  an  impure  state.  Itl 
of  interest,  not  only  in  its  pliarmaceutical  and  chemical  relations,  but  >' 
in  dyeing,  glass -making,  an<l  many  other  branches  of  the  industrial  a  . 
The  natural  sources  from  which  sodium  carbonate  may  be  |>rocurcd  I 
merely  physical  processes  are  :  i.  The  "  soda  lakes  of  Egypt  and  Hunjpt  ' 
3.  The  Icelandic  hot  springs,  believed  to  be  of  volcanic  origin,  3.  Ccr 
plants  Found  near  the  sea-shore  in  Spain  and  some  other  countries,  whiij 
yield  the  ash  known  as  barilla.  4.  As  a  substance  foimd  solid  in  vaiiov 
countries,  and  termed  nainm,  In  which  form  it  is  contaminated  with  sodiiq 
sulphate  and  other  salts  of  sodium.  Sodium  carbonate  is  also  a  consdtueq 
(if  kdp.  and  crystallines  out  during  the  evaporation  of  the  solution,  (ogeth 
with  \}i-i   (ilhcr  sodium  salts. 

AluvuM  the  entirety  of  the  enormous  quantity  of  sodium  carbonate  4 
p(e.-!!c:u    consumed,  is    produced    by    a   modification  of  Leblanc's 
ptwins.     There  arc  three  distinct  steps. 

'!>.(.■  first  stage  consists  in  dccomposmg  sodium  chloride  (6  parts)  by  n 
of  sulphuric  acid  (lo  parts).  The  bye  product  is  hydrochloric  acid,  \ 
must  be  condensed  as  before  directed.     (S^  Hydrochloric  Acid.) 

The  second  stage  consisU  in  the  conversion  of  35  parts  of  sodium  siilpl 
(fofiDcd  in  the  last  process)  into  sodium  c.irbonatc  by  the  joint  action  3 
calcium  carbonate  (4  parts)  and  carbon,  in  the  form  of  small  coal  or  c 
cloit,  at  a  high  temperature. 

I.  H,SO,.aNaCl  =  Na,SO.-nHa. 

J.  NatSO^  +  jCaCO,  +  jQ  =  Na,CO,  t  CaO.CaS  +  CO,  +  4CO. 


I  ftiae  i 


CAMOtr. 

I  Ae  pttrificabon  rf  the  httd  dHfc-calomd  ;m*Et 
?  M^>,  \r^  palfciuaun,  fejpiegration  br  mean  at  ^lam, 
n  of  (he  TWateiBig  ais»  wah  «»eii 
for  the  nke  <d  axmoaj  k  i*  cvBonaiy  not  ts  attenpt  lo  djMoln  tke 
todinB  cafbMuU  to  pom  water,  but  lo  use  a  hcm^  aunnted  ^dction  «•- 
uined  fiom  a  yrcnaa*  treatment  Thu  a  nodi  lew  qoaotiir  of  water  w^ 
Iwc  to  be  renKTcd  by  enpctaaoa.  On  zppljrng  beat  until  tbe  diy  nit,  a 
ooMcqueaoe  of  frequent  MtntDg.  is  obUtncd  in  the  Ibnn  of  x  ocnne  pa«d^ 
a  rCMQU  lamed  mla  taU  remuiUL  Bat  ifait  ia  twt  geDcralljr  poiE  enos^  is 
be  ndimalved  and  crysullized  wttboat  farther  treatment.  TtU  nsoaJ  csomv 
punned  in  order  to  decompose  snd  reowre  impundes  ooostni  ' 

paru  with  one  jum  of  uwdiuL    Thus  the  sodium  sulphide  c 

Mub  lalt  'v%  convtrrlcd  by  the  ciimination  of  sulphurated  hydrc^ca  i) 
oxide,  which  with  the  carbonic  anhydride,  produced  by  the  o 
•  nwdtut,  forms  sodium  carbonate. 

■     Conunercial  loda,  as  it  is  commonly  called,  ordinarily  ocom  i 
f  ^Tboe  we  formed  by  dissolving  ihc  puiitied  *»&  mil  in  hot  i 
I  imnovinK  the  &olutiofl  after  subsidence  into  crystaUizing  pans,  < 
tpoch  a  kna|ie  that  a  large  suriacv  shall  be  exposed  to  the  air.     The  S 
[of  the  crykLds  is  NaiCO,.ioH,0. 

Soda  Cari/oftat  is  usually  met  »-ilh  in  transparent  colourless  1; , 

fa  rhombic  thape,  efflorescent,  with  a  harsh  alkaline  taste  and  strong  a 
•action.  By  heat  they  undergo  aqueous  fusion,  and  then  dry  Ufv 
»  per  cent,  of  their  weight. 

{Ffr analyits,  jf^  .fuMur*!  An^lfUul  Ctietaiiti7,/ii^95.) 
ao  grains  of        )    _     ,    ,•        (      97  grains  Citric  AcJd,  or 
Carbonate  of  Soda    )    "*^""a»'«^    \    105  grains  Tartaric  Acid. 
If  a  ivnple  be  found  impure,  (he  most  ready  mode  of  purificatioa  t, 
_Dake  a  hot  saturated  solution,  and  whilst  it  is  cooling  agitate  conslamlyd 

auickly.     Hy  this  means  the  sodium  carbonate  is  obtained  in  a  coarse  ajB 
nc  powder,  whilst  much  of  the  contaminating  salts  remains  in  solutiona  ■ 
I  the  greater  piirt  of  those  adherent  to  the  crys^s  may  be  removed  by  s 
I  with  cold  water  and  pouring  off  tlie  solution. 
'        Soda  Mrbonai  fXiuuita,  B.P,,  is  simply  the  crystals  from  which  1 

the  extent  of  63  percent.)  has  been  removed  by  heat.     Water  at  211*  F.  1 
I  iolvM  fully  ij  times  iu  weight  of  the  crystals,  but  only  about  47-6  per  c£ 
bof  this  powder ;  whilst  at  fio*  F.  it  takes  up  50  per  cent  of  the  hydraled  ^ 
"Al  '8  per  cent,  of  the  anhydrous  salt.     The  point  of  greatest  solubility  apM 
fto  be  a  little  below  100^  F.    The  desiccated  salt  forms  several  hydniM 
Kntact  with  water,  hcnt  being  in  all  cases  rendered  perceptible. 
The  powder  formed  by  the  efflorescence  of  crystals  of  sodium 
the  air  is  Na^'0,,.5HjO.     If  the  temperature  be  raised  to  about  100*  F.  \ 
towdcr  loses  more  water,  being  converted  into  NajCOa.HjO.    These  hyt 
lay  also  be  formed  by  moistening  the  anhydrous  salt"  with  3  little  n 
-ystals  having  7,  8,  9,  and  15  H,0  are  also  obtainable. 

(For  another  proccu  by  which  NiijCo,  is  made,  sec  Sodium.) 


SODnm  HYDROGEN  CARBONATE.    (Syns.  Bicarhenate  cf  Seda. 

Biiarhonate.      Sodium    Aa'd    Carbonate.      JJydric    Sodu    ^ 

Fonnnla,  NaHCO,.     Holectdar  Weight,  84. 
■  This  sab  is  manufactured  on  the  large  scale  by  passing  a  stream  of  a™«, 
uibydhde  ihrongh  a  mixture  of  two  parts  of  the  ciysialHzed  and  tht«  'i 
Ibe  uOtyAaiu  tochnm  carbonate.    The  carbonic  anhydride  is  absorbed  1  ' 


flA  ftND  SR.SQUr-  CAKnONATE  OF  SODA. 


sodium  hydrogen  carbonate  is  produced  )□  the  form  of  small  crystalline  p 
ticlea     liie  reaction  is : — 

NajCOa  +  COa  +  H,0  =  sNaHCOj. 
Tbc  employmenl  of  a  proportion  of  anhydrous  carbonate  is  necessary^ 
because  it  is  desired  to  obtain  a  remunerative  product  in  a  pulverulent  form.! 
If  no  (■iher  than  the  crystallized  salt  be  employed,  as  the  carbonic  anhydride^ 
■   'tie  mi:ilure  becomes  liquid,  and  the  hydrogen  carbonate  afierwardi 
.  ly  deposits  in  iransparent  crystals,  much  of  the  product  remaining 
■.  iLich  cannot  be  evaporated  without  decomposition.     In  practice 
ij  ijf  CO]  is  continued  until  a  little  of  the  product  dissolved  in  cold,^ 
-.  to  give  a  red  precipitate  with  mercuric  chloride,  showing  th^t  thdi 
ii.is  been  entirely  converted. 
..'■,W«is  met  with  in  powder  or  small  opaque  irregular  scales,  whit^ 
■  ft  \  5jij:it  not  unpleasant  taste. 


(/vr, 


'v  Analytical  Cl»emi«try,/rt^(  95.) 


neutralize 


167  grains  of  Citric  Acid,  c 
i7"8  grains  Tartaric  Acid. 


30  grains  of 
Bicarbonate  of  Soda  ) 

The  salt  constitutes  the  alkaline  portion  of  several  mineral  waters. 

nf  nisni;rioiure  of  great  practical  and  theoretical  interest  is  to  take  advantagil 

;Ml' decomposition  between  solid  telr-ammonium  carbonate  and  a 

■iodium  chloriile.     .\  solution  of  the  latter  in  three  parts  of  water 

[>  with  one  part  of  the  uiguicarbonaU  of  ammama  of  commerce. 

:iiliture  has  been  allowed  to  react  for  five  or  six  hours,  the  sodium 

hyilroycn  carbonate    deposits    in  small    panicles.       The    following   is    thi 

nacdon  ; — 

Hj0fN,HiEC,0g  +  2NaCl  =  aNaHCO^  +  aNHjCl  +  CNHJgCOs. 

Atninoniiira  chloridt:  and  ammonium   carbonate,  being  considerably  mord 
soluble  than  the  sodium  hydrogen-carbonate,  remain  in  solution.     The  objeOi^ 
tion  I'j  Ellis  mode  of  preparation  is,  that  a  variable  quantity  of  sodium  chloridel 
'  :l.jwn,  which  cannot  be  entirely  removed  from  the  product  without"" 
^Vhen  the  hydrogen  carbonate  is  heated  it  begins  to  lose  carboaic 
ind  water  at  (or  even  below)  160°  F.     At  a  red  heat  nothing 
III  sodium  carbonate  in  an  anhydrous  condition.    When  a  solution 
li  boiled  lor  a  long  time,  pure  sodium  carbonate  is  the  only  salt  left  in  the 
liquid.     Al  60°  I',  the  strongest  solution  of  sodium  Iiydrogen  carbonate  which 
C3U1  be  made  will  contain  1  of  the  sale  in  9  i  of  water.    The  solubility  of  the 
vAi  in  water  al  high  temperatures  (such  as  1 10°  to  1 1  j°  F.)  cannot  be  accurately   , 
detcnnttted  because  of  the  readiness  with  which  it  commences  to  decompose. 


(SvN.  Sesqukarbonate  of  Soiia).     FommlHrJ 


Occurs  in  the  foira  of  Trona  in  Africa.     It  is  undoubtedly  a  combinatioi 
of  the  two  preceding  substances,  formed  as  shown  below : — 

NajCOa+aNaHCOa  =  Na^Hj3C03. 

•fbe  native  salt  contains  iH.jO  (as  water  of  crystallization).     That  these  two  ^ 
itolts  arc  cbcmicaily  united,  is  proved  with  tolerable  certainty  by  the  fact  that 
a  10  per  cent  solution  of  magnesium  sulphate  does  not  lose  its  limpidity  upon 
tbc  addition  of  a  saturated  solution  of  tetra-sodlum  carbonate.     Water  3\ 
60*  F.  takes  up  about  168  per  cent. 
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POTASSIUM  GABBOKATE  (Syns.  Subcarhonate  of  Potash.  Fotassa  Carbonas, 
Dipotassic  Carbonate,  Salts  of  Tartar).  Formula,  K3GO3.  Molecular 
Weight,  138. 

Is  not  a  natural  product,  but  is  readily  procured,  though  in  a  very  impure 
form,  by  calcining  plants  and  vegetable  substances.  Upon  lixiviating  the  ash, 
potassium  carbonate,  together  with  some  potassium  sulphate  and  potassium 
chloride,  are  separated  in  solution,  whilst  aluminous  matter,  silicic  anhydride, 
calcium  carbonate,  and  calcium  phosphate,  remain  undissolved.  On  evapo- 
rating the  solution,  a  residue  commercially  termed  crude  potash  is  obtained. 
In  order  to  convert  this  into  the  tolerably  pure  form  of  potassium  carbonate 
known  ^spearlash,  and  mentioned  in  the  B.P.  as  the  source  of  the  official  salt, 
it  is  necessary  to  digest  with  an  equal  weight  of  water  for  about  a  week,  and 
to  evaporate  the  clear  decanted  liquid  with  constant  stirring  until  crystalline 
grains  are  left.  These  may  be  washed  with  a  nearly  saturated  solution  of  the 
pure  skit,  dried,  and  fused  in  iron  pots. 

As  it  is  easier  to  bum  wood  than  the  leaves  and  succulent  portions  of  plants, 
wood  ashes  are  the  practical  sources  of  potassium  carbonate,  especially  since, 
even  if  the  other  portions  could  be  economically  burnt,  the  mineral  residue 
would  be  so  light  as  to  be  blown  away  should  any  wind  prevail  at  the  time  of 
the  combustion.  For  though  the  process  is  conducted  in  as  sheltered  spots 
as  convenient,  or  in  excavations  purposely  made,  it  is  almost  impossible  to 
secure  the  entire  absence  of  loss,  even  in  the  case  of  wood. 

The  carbonate  is  derived  from  the  malates,  tartrates,  oxalates,  and  other 
organic  salts  Of  potassium  contained  in  plants.  It  has  been  observed  that  the 
yield  of  potassium  carbonate  depends  greatly  upon  the  woody  or  herbaceous 
nature  of  the  vegetable  substances  used  in  its  production ;  the  latter,  in  con- 
sequence of  the  liquid  portion  (/>.  the  sap)  containing  the  salts,  being  the 
most  abundant  source.  The  less  compact  portions  of  the  same  plant  also 
yield  more  than  the  hard  and  close-textured.  North  America  and  Russia 
export  a  large  quantity  oi potash  and  pearlash, 

Potassce  carbonas  is  described  in  the  B.P.  as  K2CO3  with  about  16  per  cent. 
of  water  of  crystallization. 

Obtained  from  commercial  pearlash,  the  product  of  lixiviation  of  wood 
ashes,  by  treating  the  pearlash  with  its  own  weight  of  distilled  water,  and 
evaporating  the  solution  so  formed  to  dryness,  while  it  is  kept  briskly 
agitated. 

{For  analyiiSf  see  AtUhot^s  Analytical  Chemistzy,  page  95. ) 

Tlie  B.P.  describes  the  pure  salt  as  follows  : — 

Characters  and  Tests. — A  white  crystalline  powder,  alkaline  and  caustic  to 
the  taste,  very  deliquescent,  readily  soluble  in  water  but  insoluble  in  spirit, 
and  effervescing  vAxh  diluted  hydrochloric  acid.  Loses  about  sixteen  per 
cent,  of  its  weight  when  exposed  to  a  red  heat 


20  grams 
Carbonate  of  Potash 


I  neutralize   j  '?  g^P^  C'^*"  ^""'^'f 
J  I  18  grams  Tartaric  Acid. 


A  boiling  saturated  solution  forms  crystals  of  the  formula  K2CO3.2H3O, 
which  are  octahedra  and  extremely  deliquescent  They  only  contain  4  per 
cent  more  water  than  the  B.P.  pulverulent  salt  Water  at  60°  F.  dissolves 
about  I  'iS  times  its  weight  of  the  dry  carbonate.  When  a  current  of  steam 
passes  over  the  salt  heated  to  incipient  fusion,  carbonic  anhydride  passes  off, 
potassium  hydrate  remaining.    The  decomposition,  however,  is  never  complete. 

There  are  many  other  sources  from  which  potassium  carbonate  in  a  pure 
condition  may  be  procured :  for  example,  when  potassium  oxalate  or  quadr- 
oxalate  is  heated  the  carbonate  left  is  free  from  uncombined  carbon,  and  all 


Br-  AND  SESQUJ-  CARBONATE  OF  POTASH. 


ur 


but  itture  traces  of  salts.     Potassium  hydrogen  tartrate  also  yields  potassium 
carbonate  when  it  is  calcined.     In  this  case,  however,  the  residue  contains 
free  carbon,  which  on  treatment  with  water  remains  insoluble,  and  may  be 
filtered  oat.     A  vety  pure  form  of  the  carbonate  may  likewise  be  obtained  by  J 
cucining  potassium  hydrogen  carbonate  in  a  silver  crucible. 

POTASSnTM  HYDROOEN-CARBONATE  (SvNS.  Potassm  Buarbanas.    Mono-  ' 

P./<iisir    CarthvhUe.     Potassium  Add  Carbonate).       Formula,  KHCOj. 

Kolecular  Weight,  100. 

Is  prcjiaied  by  satmating  au  aqueous  solution  of  potassium  carbonate  with 

catbonic  anhydride. 

Crj'stals  separate  after  some  days ;  but  the  solution  must  not  be  evaporated] 

at  :i3°  !■'.,  as  some  aniounl  of  decomposition  would  then  occur.     When  it  ia 

;■<  i-ntirely  prevent  decomposition,  loo"  F.  is  the  limit  of  maximum 

i.ipidity.     In  consequence  of  the  less  ready  combination  of  p 

I. He  th.in  of  sodium  carbonate  with  carbonic  anhydride,  and  of  tl 

ol  procuring  the  hydrocarbonate  in  large  crystals,  the  carbonatQ 

15  dis-iciK  L-il  in  water,  instead  of  being  (as  in  the  case  of  the  sodium  salt)! 

treated  in  the  solid  state. 

Tbc  decomposition  which  takes  place  is : — 

KgCOj  +  COa  +  HjO  =  jKHCOj. 

The  characteristics  of  the  sail  are  as  subjoined  : — 

Coloiiiless  right  rhombic  prisms,  not  deliquescent,  of  a  saline  feebly  alkaline  1 

taste,  not  corrosive.     Diluted  hydrochloric  acid  causes  strong  effervescence. 

(/i)r  analysis,  lu  Anther' i  A»»lytical  Chemistr;,  page  95. ) 

_  y        (14  grains  Citric  Acid,  or 
neuffahit   •[  _»  ^^^^^  ^^^^  _^^'.j^ 

Only  a  very  small  quantity  dissolves  in  boiling  alcohol,  and  stiU  less  il 
cold.  It  behaves  like  sodium  hydrogen -carbonate  as  regards  magnesiuca 
.ulplaK-. 

i-iected  to  a  high  temperature  it  undergoes  the  same  decomposldoi 
ii.--ponding   sodium   compound.     It   is   neither   deliquescent  n 

in  the  latter  respect  differing  from  the  sodium  carbonate. 

■    6q°  F.  dissolves  (approximately)  i^-^  per  cent     This  being  1< 

iiljility  of  potassium  carbonate  in  water,  explains  the  fact  that  c 

j.mic  anhydride  into  a  saturated  solution  of  that  salt,  crystals  c 

..:jd  resulting  from  its  action  are  deposited.     It  is  a  solvent  of  ui' 

..^^,  ..■.^■.■.  It  is  used  in  medicine  for  that  purpose  (in //Mwjij).     With  tl 

fwUs  of  several  metals  it  combines  to  give  birth  to  double  carbonates,  such  a 

tut  nugnesium  potassium-carbonate.     It  is  a  slight  solvent  of  metallic  iron  I 

when  II  solution  is  boiled  in  vessels  of  that  metal 


JO  grains  \ 

Bicarbonate  of  Potash  / 


TKTRA-POTASSIUM     CAKBONATE     i,SvN.    Sesquuarbonatc    of    Potash).  I 

Formula,  KjKj.SCOa. 

The  existence  of  this  salt  is  not  definitely  determined.     Il  is  constituted  I 

IDce  the  sodium  salt,  and  is  said  10  separate  on  cr>'slalhzing  a  mixture  of  79  1 

of  potassium  carbonate  and  100  of  potassium  hydrogen-carbonate. 


ABOENTIC  CARBONATE.    Fonnnla,  A%.iC% 

When  free  from  alkaline  salts,  this  is  a  yellow  powder,  which  blackens  onl 
exposure  to  ligiit.     It  constitutes  the  white  precipitate  produced  on  adding  l 
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potassium  carbonate  to  argentic  nitrate.  Ampionium  hydrate  takes  it  up 
with  ease,  and  on  heating  to  480°  F.  leaves  the  pure  metal ;  but  provided  the 
temperature  does  not  exceed  390°  F.,  argentic  oxide  remains. 

CALCIUM  CAEBONATE  (Syns.  Chalk,  Calc-spar,  Carbonate  of  Lime. 
Linicstotu.  Marble.  Arragonite).  Formula,  CaCOs.  Molecular  Weighti 
100. 

Is  the  most  abundant  and  valuable  natural  salt  of  calcium.  It  is  secreted 
by  many  of  the  lower  classed  of  animals  to  form  their  shell.  It  may  be 
obtained  in  a  condition  absolutely  free  from  contamination  by  dissolving 
marble  or  any  similar  variety  of  the  salt  in  hydrochloric  acid,  and  after  throw- 
ing down  the  aluminium,  iron,  magnesium,  and  the  phosphates  of  the  same 
by  means  of  calcium  hydrate,  and  filtering,  neutralizing  the  filtrate  with 
ammonium  carbonate.  By  this  method  a  white  powder  is  produced  which 
requires  drying  at  400°  to  500°  F.  When  thrown  down  firom  cold  solutions, 
calcium  carbonate  is  amorphous,  but  on  being  kept  under  water  it  assumes 
the  crystalline  state.  With  hot  solutions  the  precipitate  is  at  once  produced 
as  minute  crystals. 

The  action  upon  neutral  litmus  paper  is  very  feebly  alkaline.  When 
heated  in  hermetically  sealed  iron  vessels  it  fuses,  and  a  marble-like  solid  is 
found  on  opening  the  tube  after  coolmg.  It  dissolves  much  more  readily  in 
water  in  presence  either  of  ammoniacal  salts  or  carbonic  anhydride.  The 
official  forms  are  : — 

1.  White  marble  (jnarmor  album,  B.P.)  which  is  stated  to  be — 
Hard,  white,  crystalline  native  carbonate  of  lime,  in  masses. 

Used  in  producing  carbonic  acid  gas,  and  should  be  the  Carrara  or  statuary 
marble. 

2.  Chalk  {creta,  B.P.)  which  is — 

Native  friable  carbonate  of  lime.  The  native  chalk  may  be  employed  to 
yield  carbonic  acid  gas,  but  is  less  useful  than  marble  because  it  does  not  act 
so  regularly,  and  forms  a  frothy  mixture ;  also  a  large  bulk  must  be  used 
because  its  specific  gravity  is  much  less. 

3.  Prepared  ChaJk  {creta  preparata,  B.P.). 

Chalk,  freed  from  most  of  its  impurities  by  elutriation,  and  afterwards  dried 
in  small  masses,  which  are  usually  of  a  conical  form.  Elutriation  {duo)  is  the 
process  of  purifying  a  substance  insoluble  in  water,  by  washing  and  straining. 

It  possesses  the  subjoined  qualities. 

A  white  amorphous  powder,  effervescing  witli  acids,  and  dissolving  with 
only  a  slight  residue  in  diluted  hydrochloric  acid.     It  is  perfectly  amorphous. 

4.  Precipitated  chalk  (calcis  carbonas  predpiiata,  B.P.)  is  directed  to  be 
prepared  by  mixing  calcium  chloride  and  sodium  carbonate,  collecting,  wash- 
ing, and  drying  the  precipitate. 

CaClg  +  Na^COs  =  CaCOj  +  2NaCl. 

It  is  a  white  crystalline  powder,  insoluble  in  water,  dissolving  in  hydro- 
chloric acid  with  effervescence. 

{Far  analysis f  see  Author's  Analytical  ChemiBtry,  page  96.) 

There  is  a  crystallized  form  of  calcium  carbonate  known  as  hydrocalcitey 
containing  sH^O,  and  a  compound  sometimes  denominated  '/calcium  ortho- 
carbonate,"  Ca^CO^.  The  latter  is  supposed  to  be  derived  from  the  acid 
H^CO^,  which  is  termed  orthocarbonic.  The  ordinary  and  normal  acid, 
H3CO3  is,  under  this  theory,  looked  upon  as  metacarbonic  acid ;  chalk,  with 
the  other  fortns  of  normal  calcimn  -carbonate,  is  called  calcium  metacarbonate. 


CALCWM,  BASiVM,  AND  STRONTlU.\f  CARBOSA  TES.        tfl 

The  fact  that  tliis  body,  which  is  the  result  of  heating  chalk  or  martafl 

in  powder  to  low  redness,  produces  a  hydrate  with  the  water,  even  thoimh  M 

fonoation  be  not  attended  by  the  evolution  of  great  heat,  ^eems  to  counfl 

nance  the  idea  that  it  is  composed  of  a  mixture  of  carbonate  and  oxide ;  fl 

oibcr  words,  is  an  oxy-carbonale,  forming  with  Water  a  hydrato-carbonate.    ■ 

The  composition,  in  accordance  with  this  view,  would  be :—  I 

CaCOj.CaO  =  C3,CO,.  I 

And  the  proportions  of  the  hydrated  salt  of  hydra to-carbonate : —  I 

Ca,COi+H,0  =  CaCO^.CaiHO.  I 

CAICIUK  HYDEOQEN-CAEBONATE  (Syns.  liUarbotiaU  of  Limi:  CalciJk 
Add  Carbonate).     Pormnla,  CaH^ZCO;,.  ■ 

The  existence  of  this  salt  has  been  inferred  for  many  years,  but  it  has  nevfll 
been  acluatiy  obtained,  It  is  supposed  to  be  formed  when  calcium  carbonaM 
is  dixsnlvcd  in  water  containing  carbonic  acid.  It  is  of  great  importanefl 
from  a  pharmacciitica!  as  well  as  interesting  from  a  general  standpoiQt.  Bfl 
boiling  it  rcdeposiis  the  carbonate.  Water  fully  charged  with  carbonic  anhM 
(hide  dissolves  only  07  per  cent,  of  calcium  carbonate,  hence  it  rcquirS 
extremely  dilute  solutions  of  potassium  hydro-  (or  godium  hydro-)  carbonav 
and  a  soluble  salt  of  calcium  to  give  no  visible  reaction.  Water  chained  n 
above  has  the  cai>abllily  of  dissolving  out  calcium  oxide  from  calcium  sUicatfl 
Thus  it  disintegrates  calcareous  rocks,  and  when  the  solution  comes  in  contaJ 
with  wlid  bodies  it  deposits  calcium  carbonate  of  more  or  less  purity,  acconfl 
inelo  the  nature  and  amount  of  the  matters  mechanically  carried  down.         fl 

Tl»c  prt'sence  of  calcium  in  this  form  imparts  to  spring  and  river  water  thfl 
quality  known  as  temporary  hardntss,  because  it  is  removed  by  boiling.  ■ 

\Srt  Waltr  Analyiis  in  Author' s  ija^jVJai\  Zb»ltt6lXt] ,  fagt  187.)  I 

The  calcium  carbonate  let  fall  on  subjecting  a  solution  of  the  hydro  *^fl 
to  the  action  of  a  Iiigh  temperature,  constitutes  one  of  tliose  tioublesomfl 
and  dangeions  deposits — boiler  incrustations.  ■ 

In  the  )iresence  of  ammonium  chloride  no  precipitate  is  caused  \yf  boilinJ 
SHlution  of  calcium  hydrogen -carbonate.  ^ 

BARXUU  and  STRONTIUM  CARBONATES.     Formnln,  BaCO.,  .tnd  SrCO,. 

Thnc  bodies  arc  sometimes  employed  as  the  sources  of  the  other  barium 
and  -stPinlium  salts,  but  do  not  yield  such  pure  products  as  the  sulphates.     In 
qnalii.itive  analysis,  barium  and  strontium  are  precipitated  as  carbonates  onj 
adding  ammonium  carlwnale  to  their   solutions.      When  the  hydrates  araH 
brought  in  contact  with  carbonic  anhydride;  or  the  oxides  with  water  and  Iha 
same,  tlif  result  is  the  formation  of  barium  and  strontium  carlmnales.  ■ 

A<Ivnni3^-e  has  been  taken  of  the  (art  that  nxalic  acid  in  solution,  added  lOil 
a  li.pud  .-otitaining  salts  of  lime  and  baryta,  precipiialcs  the  whole  of  the  hmefl 
fmmeJi.itJy.  the  baryta  being  only  affected  after  some  time.  Witliciitc,  dis>l 
solved  ill  n-Dtcrand  hydrochloric  acid  is  thus  treated,  About  thirty  gralnsfl 
of  uKatir  .-uid  are  sufficient  for  one  ponnd.  Tlic  lime  precipitate  having  bcenfl 
diminaied.  to  the  dear  filtered  solution  caustic  soda  a  added.  After  aaifl 
hour's  tcsu  filter  again  and  treat  the  liquid  witli  a  solution  of  sodium  car^l 
bonate.     Collect  and  wash  the  precipitate  in  the  usual  manner.  I 

Banum  i^arbonate  is  poisonous,  and  is  occasionally  nse<1  a*  a  vermin  de-fl 
Sttoyer  Strontium  raruonate  is  i^uite  innocuous  except  in  large  iiuantitieaM 
in  ibe  pretence  of  adds.     The  banum  salt  only  is  tran^ormed  into  sulphattMH 
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by  cold  alkaline  sulphates  in  solution.  Neither  give  up  carbonic  anhydride 
so  readily  as  calcium  by  the  influence  of  heat.  Steam,  at  a  red  heat,  con- 
verts them  into  oxides  or  hydrates.  The  native  barium  carbonate  is  witherite  ; 
native  strontium  carbonate  is  strontianite. 

JUAGNESIXTM  CARBONATE.     Formula,  MgCOs- 

'  Exists  in  nature  as  the  minerals  termed  magnesite  (tolerably  pure),  hydro- 
magnmte  (united  with  hydrate),  and  dolomite  (combined  with  calcium  carbon- 
ate). Unlike  most  other  carbonates,  it  cannot  be  produced  by  precipitating 
a  magnesium  solution  by  an  alkaline  carbonate,  as  the  oxy-  or  hydrato-  car- 
bonate is  more  stable. 

If,  however,  the  carbonic  anhydride  be  passed  into  water,  in  which  the 
magnesium  hydrato-carbonate  is  kept  suspended  by  brisk  agitation,  the 
hydrate  is  converted  into  carbonate,  which  may  be  separated  in  minute 
crystals  by  evaporation.  Sodium  caibonate  heated  with  crystallized  mag- 
nesium sulphate  in  a  closed  vessel  gives  the  pure  magnesium  carbonate. 

Both  the  ordinary  hydrato<arbonate  and  the  pure  carbonate  dissolve  more 
readily  in  aqueous  carbonic  acid  than  in  water. 

HAGNESIUM  H7DRAT0-CABB0KATE  (JUAGKESIXTM  OXY-CARBOKATE) 

(SvNS.  MagnesicB  Carbonas,     Magnesia  Carbonas  Lean's.     Magnesia  Alba), 
Formula,  (MgG03)3Mg0.5H20 ;  or,  better,  (MgC03)3])(^H04^0. 

This  is  the  official  salt,  prepared  in  two  forms,  both  of  which  possess 
absolutely  the  same  composition.  Magnesia  carbonas  levis  is  produced  from 
cold  dilute  solutions  of  magnesium  sulphate  and  sodium  carbonate,  and 
magnesia  carbonas  from  strong  hot  solutions  of  the  same. 

The  following  is  a  representation  of  the  reaction  : 

4MgS04  +  4Na2C03+5H20  =  (MgC03)3Mg2H0.4H20  +  4Na2S04  +  C02. 

In  order  to  secure  the  most  ponderous  product,  it  is  requisite  to  evaporate 
the  solutions  after  mixing  them  to  perfect  dryness,  and  then  dissolve  out  the 
soluble  portion  with  hot  water.  To  obtain  a  result  of  the  utmost  lightness 
it  has  been  advised  to  subject  the  moist  precipitate,  after  washing,  to  a 
temperature  not  exceeding  30°  F.,  whereby  the  water  is  frozen.  On  allowing 
the  mass  to  melt,  and  then  drying  as  usual,  there  results  a  product  of  even 
greater  levity  than  the  levis  of  the  B.P. 

Both  magnesia  carbonas  and  magnesia  carbonas  levis  are  white  powders  the 
former  amorphous  and  the  latter  in  part  crystalline.  They  are  practically 
insoluble  in  water  unless  it  contains  much  COg  dissolved,  and  when  heated  give 
off  carbonic  anhydride  and  water,  leaving  the  oxide  without  any  change  of 
colour.     Both  are  soluble  in  acids  with  effervescence. 

{For  analysis y  see  Author's  Analytical  Chemistry, /a^*?  96.) 

The  liquid  known  as  fltdd  magnesia  {Jiquor  magnesia  carbonatis,  B.P.),  and 
consisting  of  a  solution  of  magnesium  oxy-carbonate  in  water  charged  with 
carbonic  anhydride,  may  be  regarded  as  probably  containing  magnesium 
hydrogen-carbonate,  MgH22C03.  In  default  of  the  existence  of  this  body, 
which  is  by  no  means  certain,  it  undoubtedly  is  a  solution  of  magnesium 
carbonate  with  excess  of  the  carbonic  gas.  On  exposure  to  light  and  air  the 
excess  of  carbonic  anhydride  passes  off  and  crystals  of  the  carbonate  are 
deposited,  having  the  formula  MgC035H20. 

ZINC  GABBOKATE  (Syn.  Calamine).     Formula,  Z11CO3. 

Has  not  been  thoroughly  investigated.      It  may  probably  be  procured  by 
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the  same  methods  fis  magnesiam  carbonate.     Is  formed  during  the  prcpi 
tioD  of  the  next  salt,  but  iminedialely  splits  up. 

ZnrC  HTDBATO  CABBONATE   (ZINC   OXT^CARBONATE)    (Svnr. 

Ztnt  \\nroTTec\\  Zinci  Carhonas.  Prepand  Calamiiu,  XiT/f'i  Cit/umtJtctruJifl 
Formula,  ZiiC03.(ZnO)a3H30  ;  or,  beiUr,  ZnC0a(Zn2H0)^.0. 
Occurs  native  as  sine  tlooin,  which,  however,  is  not  always  pure  white  1 

colcKn.     It'  is  also  prepared  by  precipitating  a  solution  of  zinc  sulphate  * 

sodiutn  carbonate,  as  represented  in  the  equation : — 

jZnSO^  +  3Ni^C0j  +  sH.jO  =  ZnC0,{Zn2H0),.H,0  'r  3Na,S0^+  aCOj 

Ziiui  earhnas,  B.P.,  is  a  white,  tasteless,  inodorous   powder,  insoluble  I 
yrai/ei ;  soluble,  with  effervescence  and  without  residue,  in  dilute  adds. 

Al  390"  F.,  it  evolves  carbonic  anhydride  and  water,  linc  oxide  rcniaia 
wbJch  is  yellow  while  hot  but  white  on  cooling. 

(/jr  analysii  mid impuriiiei.  m  Anthe^i  AcKljtieal  Chemistry.  /«j*96.) 

The  impure  native  form,  known  as  ealamitu,  does  not  decompose  v 
570°  F.,  and  only  slowly  at  that  temperature. 

FLtTKBIC   CABBOKATE  (Sras.  Ceruu.      Cawile.      Carbonate  of  j 
Forronla,  PbCOj. 
Cinnoi  be  formed  by  acting  upon  a  p1unibic,salt  with  an  alkalin 
tlie  precipitate  ibus  foimcd  containing  some  hydraie,  and  being— 

PtOTIBIC  HYDBATCMIABBONATE  (or    OSnT-CARBONATE)  (Svs.   \Vh^ 
Lead).    FonauliB,  aPbCO^.PbSHO,  or  ZPhCOyPbOHjO.  "^ 

It  in  rarely  made  in  this  manner ;  a  more  ready  and  valuable  ] 
Ixfii^  obtainable  by  less  expensive  methods. 

At  one  time  this  salt  was  extensively  made  by  passing  a  current  of  carbc 
anhydride  through  a  solution  of  plumbic  oxy-acctate.     The  neutral  acets 
remains  in  solution,  the  oxide   dissolved  being  alone  precipitated.     Thi 
acetate  on  being  digested  with  pUimbic  oxide,  takes  up  a  quantity  of  thi 
liticr  « lit.  h  may  again  be  transformed  into  carbonate,  a  poriion  of  plumba 
■'  !i-.  serving  continuously  as  a  means  of  causing  plumbic  oxide  ^ 

t.ijiid  combination  with  carbonic  anhydride.  Another  mode  is  I 
.i^<:lJ(  of  lead  to  the  simultaneous  influence  of  carbonic  anhydi" 
jnui:';u'.  v,i|iour,  and  acetic  acid.  The  latter,  of  about  half  the  strength  <| 
vinegai,  is  placed  in  small  earthenware  vessels  in  t)ie  midst  of  heaps  t 
decaying  matter,  such  as  the  exhausted  bark  used  in  tanning,  which  give  o 
at'iun'S^nrc  of  carbonic  acid  gas.      Over  these  pots  are  laid  the  sheets  C 

ih.tt  both  the  carbonic  and  acetic  vapours  may  have  access  to  "ComM 
^.|^     The  temjiemture  of  the  tan  should  approximate  to  145*  F.* J 
'  ihunlative  decomposition  which  it  undergoes  will  suffice  to  uiainUtB.'j 
1;  about  this  degree, 
Ihi;  !l. I',  description  is  ; — 
A  soft  heavy  white  powder,  blackened  by  sulphuretted  hydrogen,  insolubl 
in  wxtcr,  soluble  with  effervescence  in  diluted  acetic  acid  without  leaving  aii_ 
residue,      Heated  to  redness  it  becomes  deep  yellow  being  converted  iotS 
plombtc  oxide. 

{fir  atulyiis.  M  AMthar'i  AnalytloUCliuiiMry. /^t^Q;.) 
Sometimes  lead  shavings  arc  used.      In  any  case  Che  uifiiu  lead  requires 
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grinding.      The  pasty  form  used  by  ga§fitters,  is  manufactured  by  simply 
rubbing  about  14  parts  with  i  part  of  linseed  oil. 

Some  samples  of  plumbic  oxy-  or  hydrato-  carbonate  contain  a  rather  laiger 
proportion  of  carbonate  than  that  we  have  given. 

CTJPBIC  CARBONATE.    Formula,  CuCOg. 

Is  not  known.     The  carbonates  existing  in  nature  are : — 

1.  Malachite,  dicupric  oxy-  (or  "ortho")  carbonate  :  CU2CO4  +  HJ1O. 

2.  Azurite,  tricupric  oxy-  (or  **  ortho  *')  carbonate  :  Cu3H3(C04)2. 
The  formulae  may  be  stated  : — 

I.  CU2CO4  +  H2O  =  CUCO3.CU2HO. 

2.    CU8H2(C04)2  =    2CUCO3.CU2HO. 

The  former  is  that  obtained  on  subjecting  cupric  sulphate  to  precipitation 
by  an  alkaline  carbonate,  and  drying  at  a  gentle  heat.  At  390°  F.  it  leaves 
cupric  oxide  by  the  evolution  of  carbonic  anhydride  and  moisture.  The 
mineralogical  and  technical  names  for  the  first  salt  are.  Atlas  ore,  green  car- 
bonate of  copper,  and  mountain  green.  Of  the  second,  Chtssy  copper,  blue 
malachite,  saurite,  blue  carbonate  qjf^  copper,  and  blue  verditer, 

MEBCUEOHS  GAEBONATE.     Formula,  EggCOc. 

Is  of  a  black  or  yellow  colour,  and  is  produced  by  the  double  decomposi- 
tion between  potassium  carbonate  and  a  soluble  mercurous  salt.  Mercuric 
carbonate  (HgCOg)  cannot  be  formed  from  mercuric  chloride,  nor  from  mer- 
curic nitrate  in  the  presence  of  a  chloride,  by  hydrogen-carbonates  or  carbon- 
ates, but  an  oxycarbonate  can  be  produced  by  the  latter.  In  consequence  of 
the  oxychloride  thrown  down  by  hydrogen -carbonates  being  white  in  colour, 
whilst  mercuric  oxy-carbonate  is  dark  red,  it  is  thus  possible  to  distinguish 
between  soluble  carbonates  and  hydrogen-carbonates. 

FERROUS    CARBONATE    (Syn.    Carbonate  of  Iron).      Formula,    FeCOs* 
Molecular  Weight,  116. 

This  compound  occurs  in  nature  as  spathic  iron  ore  and  clay  ironstone.  It 
may  be  obtained  in  a  pure  condition  by  precipitating  a  solution  of  ferrous 
sulphate  with  ammonium  carbonate. 

FeSO^  +  (NH4)2C03  =  FeCOj  -f  (^l^^&O^. 

In  order  to  prevent  as  much  as  possible  the  decomposition  which  takes 
place  during  the  operation  of  drying,  the  B.P.  separates  the  precipitate  by 
filtration,  partially  dries  it  by  pressure  in  calico,  and  then  mixes  it  with  sugar, 
by  which  means  alteration  is  greatly  retarded. 

Ferri  carbonas  saccharata  is  met  with  in  small  coherent  lumps,  of  a  grey 
colour,  with  a  sweet,  very  feeble,  chalybeate  taste.  It  dissolves  with  efferves- 
cence in  warm  hydrochloric  acid  diluted  with  half  its  volume  of  water,  and  is 
converted  into  ferric  oxide  by  heating  in  the  air. 

{For  analysis  and  estimation^  see  Author's  Analytical  Chemistry, /Vz^w  96  and  159.) 

The  highest  (theoretically)  attainable  percentage  is  46.  In  practice  few 
samples  contain  the  official  proportion  of  carbonate.  Out  of  twenty-five  sam- 
ples examined  a  few  years  ago,  only  one  contained  a  trifle  over  the  amount, 
and  two  others  were  within  a  single  per  cenL  of  the  same.  Not  more  than 
one  out  of  three  samples  will  contain  37  per  cent,,  which  is  reckoned  an 
average  purity. 
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It  is  gomclimcE  the  praclicc  lo  mix  the  ferrous  sulphate  with  sugar  bcfdl 
•oliition.  To  provide  against  the  possibility  of  the  action  of  dissolved  air 
might  be  advisable  to  boil  the  ferrous  suljiliate  with  water  for  some  liine,  i 
add  a  few  drops  of  aqueous  sulphurous  acid,  until  the  precipitate  (if  any)  \ 
CDlirely  rcdissolved.  If  a  few  drops  of  sulphurous  acid  be  also  added  la  tl 
tctr  iiumonium  carbonate  solution,  oxidation  would  still  further  lie  prevenlc 
In  spile  ol  these  precautions,  it  is  impossible  to  entirely  arrest  oxidation.  B 
by  washing  with  water  which  has  been  boiled  until  the  ebullition  has  becot 
irregular  and  convulsive,  and  using  the  utmost  despatch  in  mixing  \ ' ' 
sngu,  ft  product  of  45  per  cent  may  practically  be  obtained. 

Ii  oxidizes  much  more  readily  in  moist  llian  in  dry  air.     The  rcddish-bmw] 
powder  which  passed  by  the  name  of  subcarbonate  (or  carbonate)  of  i: 
MHm:  years  back,  was  that  now  known  as  ferric  oxy-hydrate.     It  results  wl 
rearous  carbonate  Is  dried  with  free  exposure  10  the  air  and  without  admtxiiq 
of  stijiar.     The  advantage  ferrous  carbonate  is  believed  to  possess  over  Ml 
beyond  ferric  oxy-hydrates  and  oxide  is  a  more  ready  solubility-in  gastq 
juice.     Ferrous  carbonate  is  the  active  constituent  of  mistum  ftrri  eompcsOi 
the  well  known  Griffith's  mixture ;  and  in  consequence  of  the  great  rapidn 
ot  it%  oxidation  when  in  solution,  the  ferrous  sulphate  is  directed  to  be  addd 
at  the  bst,  and  in  crystals,  the  bottle  being  instantly  corked.     Practical  pha 
maci^ts  keep  in  readiness  a  concentrated  emulsion  with  the  omission  of  f 
iron,  ilie  ferrous  sulphate  and  the  re<|uisite  rosewater  being  added  it  I' 
moment  of  dispensing.     By  this  means  an  admirable  result  is  gained, 

BI8X0TH    OXT-CABBONATE   (or  BISUOTHTL  CARBONATE)     (Sv}i| 

Jihmuihi  Ciirbonas.    SuMirti'/iaU  of  Bismuth).    Formula,  Bl, SCO  .2Bi^ 

("-  (BiO)iCOj ;  as  in  B.P.  Bi.0(CO^. 

This  is  the  white  precipitate  produced  by  introducing  a  solution  of  bismutl 

cms  niirale  into  a  solution  of  tetr-ammonium  carbonate,  collecting  the  precin 

VMt,  washing  and  drying  at  a  temperature  not  exceeding  150°  F. 

4Bi3NO,,  +  3N^H,aC,Ort  =  i(BiO)3CO;,  +  iiNH^NOs  + yCOj. 
Tbc  btimuthyl  carbonate  contains  one  molecule  of  HiO,  which  may  be  driw 
off  by  a  heal  of  a  1 »"  F.  In  consequence  of  its  containing  this  when  allowed 
to  dry  sjiontancously,  the  air-dried  salt  ought  really  to  be  represented  by  1 
much  more  complex  formula  than  that  given  in  the  B.P.  This  complex  fori 
however,  need  not  be  used  in  the  equation,  as  its  exact  composition  lias  n 
been  dctinilcly  ascertained. 

Bismalhi  earhonas  is  a  white  powder,  blackened  by  sulpliuretted  hydrogens 
itia^duble  in  water,  but  soluble  with  effervescence  in  nitric  acid.     Heated  t 
redness,  it  turns  yellow,  forming  bisniutlious  oxide. 

[FfritMlriu,  sti  Aulkir'i  kUMijMui  C:i>VK!Mrj,  fiisi:r  I)-}.) 

COMPOUNDS  OF  CARBON  WITH  THE  HALOGENS. 

CARBON  TETRACHLORIDE  (SvN.  TetrtKhlammdhtine).    Pormnla,  CCl^. 

It  a  colourless  liquid  boiling  at  t58-5*'  Fahr.,  and  having  a  specific  graviH 
of  f  56  It  may  be  formed  by  the  action  of  excess  of  chlorine  on  methane  ii 
direct  simshinc;  but  it  is  more  commonly  prepared  by  passing  chlnrinc  mk. 
ihc  wpour  of  carbon  disulphide  through  a  red-hot  tube.  When  the  vapoid 
of  the  tctnchloride  i*  passed  ihri>ugh  a  red-hot  tul:>e,  cither  by  itself  or  mi 
with  hydrogen,  a  mobile  liijiiid  is  obtained,  having  a  gravity  of  1619,  1 
bottiaf;  at  311°  Fahr.,  which  is  carbon  diehloride,  or  letra(klcivftkai^£ 
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It  lias  been  already  seen,  that  when  ethene  is  mixed  with  chlorine,  ethene 
chloride,  Ca^^Clj,  is  formed ;  and  if  this  oily  liquid  be  then  exposed  to 
sunsliine  in  contact  with  excess  of  chlorine,  we  obtain  a  white  soUd,  crys- 
talline and  aromatic,  insoluble  in  water,  but  soluble  in  alcohol  and  ether. 
Xliis  is  the  remaining  chloride,  viz.,  carbon  trichloride,  or  hexchlorodhoM^ 

^a^le* 

CABBOH  TETEABBOKIDE  (Syn.  Tetrabromdhane).     Formida,  CBr^. 

CASBOK  TETEA-IODIDE  (S^-x.  Tdra-wdonuthane)  •  i        ,  CI^. 

Are  both  crystalline  solid  bodies,  the  former  white  and  the  latter  red    The 
first  produced  by  the  action  of  bromine  in  the  presence  of  antimonious  bro- 
mide on  carbon  disulphide,  and  the  second  by  heating  carbon  tetrachloride 
with  aluminium  iodide.     Both  form  di-  and  tri-  compounds  analagous  to  the 
chlorides,  but  all  solid. 

All  these  compounds  are  really  haloid  ethers,  which  will  be  fully  described 
further  on. 

CABBOHTL  CHLOBIDE  (S^-xs.  Carbon  Oxychloride.  PhosgmeGcts).  Formula, 
CJOClj. 

This  is  a  pungent,  sufifocaring  gas,  decomposable  by  water,  and  therefore 
ha\ing  to  be  collected  over  mercur)'.  It  is  condensable  to  a  liquid  at  32° 
Falu".,  and  is  produced  when  chlorine  and  carbonous  oxide  are  exposed  to 
sunshine,  or,  more  practically,  by  passing  cvbono'us  oxide  through  antimonic 
chloride. 

SbCU  +  CO  =  COCU  +  SbCl,. 

COMPOUNDS  OF  CARBON  AND  SULPHUR. 

CARBON  DISULPHIDK  Formula,  OS..    Molecidar  Weight,  76. 

This  highly  important  solvent  in  the  arts  is  prepared  by  passing  the  vapour 
of  sulphur  over  red-hot  charcoal. 

Co  +  2S2  =  2CS2. 
4  vols.        4  vols. 

The  crude  product  thus  obtained  has  a  very  offensive  odour,  which  was  at 
one  time  considered  natural  but  has  now  been  found  to  be  owing  to  contami- 
nation with  a  variety  of  sulphur  compounds.     These  are  removed  by  agitadon 
with  mercuric  chloride,  or  recently-reduced  copper,  and  the  purified  product 
is  then  redistilled.     As  thus  prepared  it  is  a  colourless  mobile  liquid,  with  a 
fiiint,  but  still  somewhat  disagreeable  odour,  boiling  at  116°  F.,  and  having  a 
specific  gravity  of  1*27.     It  cannot  be  solidified,  and  its  evaporation  in  zhuuo 
produces  extreme  cold.     It  dissolves  iodine,  sulphur,  phosphorus,  camphor, 
fixed  and  volatile  oils,  and  caoutchouc.     It  is  miscible  with  alcohol  and  ether. 
and  burns  in  the  air  \nth  a  blue  flame,  producing  sulphurous  and  carbonic 
anhydrides.     Besides  its  solvent  powers,  it  is  a  most  powerful  reducing  and 
sulphurizing  agent,  converting  metallic  oxides  into  sulphides,  and  reducing 
nitric  acid,  dichromates,  and  permanganates.     It  is  much  employed  in  the 
extraction  of  oils  and  fats,  and  in  the  vulcanizing  of  india-rubber. 

By  exposing  carbon  disulphide  to  direct  sunshine  in  sealed  tubes  for  some 
time,  a  brown  powder  is  deposited.  This  is  carbon  monosulphide,  CS, 
which  is  destitute  of  smell,  and  has  a  specific  gravity  of  1*66,  and  inflames  in 
contact  ^^  strong  nitric  add 
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STinbol,  S.    Atomic  Weight,  11. 
El  a  metalloid  resembling  carbon  in  many  respects,  and,  like  it,  existing 
1l  in  the  cij'stalline  and  amorphous  condition.     Amorphous  boron  is  a 
ttsh-grey  powder,  infusible,  anfl  burning  with  great  rapidity  in  ojij-gen  or  I 
o  form  boric  anhydride ;  while  crystalline  boron  is  somewhat   I 
It  in  appearance  to  the  diamond.     The  former  is  prepared  by  fusing    I 
jl^anhydnde  with  potassium  ;  and  the  latter  by  fusing  the  same  body  with 


II  combines  with  oxygen  to  form  boric  anhydride,  B.jOj, 
«  boracic  acid. 


vhich  in  turn 


OEN  BORATE  (S^-ns.  Boracic  Acid.     Orthobom  AeUI).     Formnla, 
H,BO,.  Molecular  Weight,  62, 

repared  by  making  a  strong  solution  of  borax  in  boiling  water,  adding 
iilbnc  acid  until  an  acid  reaction  is  obtained,  and  cooling,  when  the 
t£id  crystallizes  out,  and  may  be  washed  with  cold  water,  and  dissolved 
^  in  rectified  spirit.  A  solution  of  boracic  acid  so  obtained  is  used  in 
**.  as  a  test  for  the  presence  of  turmeric  in  powdered  rhubarb.  When 
'sed  it  is  in  colourless  crystals,  soluble  in  water  and  spirit,  which  when 
jr  heated  lose  water  and  become  converted  into  a  glacial  mass  of  boric 
^Iffnde.  Besides  this  acid  we  have  a  meiaboric  acid,  HBOj,  forming 
naeuburaies ;  and  a  teiraboracic  acid  is  also  presumed  to  exist,  H^B^O,. 
Borates  are  frequently  insoluble  in  water. 

(/!»#■  diiKihn  and  i/faratian  ef  Baradi  Acid  and   Borata,   set   Aiiihor'i  AaaljUeil 
'  '  1i  /^S'  59- ) 


E  (SvNS,  Sodium  Dimffaborak.  Biboratt  of  Smia.  Tinkal).  Empirical 
Fonnnla,  MajB^O,10HjO :  Rational  Formnla  (NaB03)^jO;,.10^0. 
Tliis  peculiar  salt,  so  useful  in  blowpipe  analysis,  is  found  native  on  the 
shores  of  saline  lakes  in  Thibet,  and  was  formerly  much  imported  under  the 
name  of  tinkal.  A  new  source  has  also  been  discovered  in  South  America  ; 
lieds  of  native  calcium  borate  having  been  found  in  Iquique,  in  the  vicinity  of 
tiie  deposits  of  sodium  nitrate.  It  is  now,  however,  chiefly  imported  from 
-some  recently-discovered  beds  in  California,  or  prepared  from  the  native  boric 
add  round  in  volcanic  regions.  In  certain  parts  of  Italy,  notably  near  CaiUl- 
Mtow,  a  great  number  of  jets  of  steam  rise  from  the  earth.  Tliey  are  called 
ing^Kwi,  and  in  condensing  form  small  lakes  culled  lagoni,  in  which  the  boric 
oUects.    The  exact  manner  in  which  a  non-volatile  acid  gets  into  the 
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steam  jets  has  not  been  definitely  proved.  Some  suppose  that  it  is  mechani- 
cally carried  up  by  the  force  of  the  jet,  but  the  h)rpothesis  of  M.  Dumas  is 
probably  much  nearer  the  truth.  He  supposes  that  the  boron  exists  in  the 
jets  as  boron  sulphide,  and  on  coming  into  contact  with  watery  vapour  it  is 
decomposed,  thus : — 

B2S3  +  6H2O  =  2H3BO3  +  3H2S. 

This  is  the  more  probable,  seeing  that  the  gas  evolved  from  the  suffioni,  after 
contact  with  water,  contains  4  per  cent,  of  sulphuretted  hydrogen.  The  pro- 
cess of  obtaining  boric  acid  and  the  subsequent  production  of  borax  consists 
in  making  artificial  reservoirs  or  lakes  round  a  series  of  suffioni  on  the  side  of 
a  hill,  all  communicating  by  means  of  wooden  tubes.  Water  is  then  pumped 
into  the  highest  reservoir,  and  allowed  to  remain  until  by  the  action  of  the 
hot  jet  it  is  raised  nearly  to  the  boiling  point,  and  impregnated  with  about 
I  per  cent,  of  boric  acid.  It  is  then  allowed  to  run  into  the  next  reservoir, 
where  it  is  acted  upon  by  a  fresh  jet,  and  still  further  charged ;  until,  by 
passing  down  the  whole  series  of  lakes,  it  becomes  sufficiently  concentrated. 
It  is  allowed  to  settle,  and  is  finally  evaporated  to  the  crystallizing  point  in 
an  immense  flat  vessel  of  lead,  aided  by  the  natural  heat  from  the  suffioni. 
The  acid  having  been  separated  and  dried,  is  re-dissolved  in  water,  neutralized 
with  a  proper  quantity  of  sodium  carbonate,  and  the  borax  thus  produced  is 
purified  by  recrystallization.  According  to  the  temperature  and  degree  of 
concentration  two  varieties  of  borax  may  be  obtained,  viz.  : — 

Prismatic  Borax  (official)         ....     NagB^OjioH^O. 
Octahedral  Borax NagB^OySHgO. 

The  former  is  slightly  efflorescent,  and  has  a  specific  gravity  of  17  ;  while 
the  latter  absorbs  moisture  from  the  air,  becoming  opaque,  and  having  a 
specific  gravity  of  1*8. 

As  to  the  official  variety,  the  B.P.  says  that  it  should  be  met  with  in  trans- 
parent colourless  crystals,  sometimes  slightly  effloresced,  with  a  weak  alkaline 
reaction  ;  insoluble  in  rectified  spirit,  soluble  in  water.  A  hot  saturated  solu- 
tion, when  acidulated  with  any  of  the  mineral  acids,  lets  fall,  as  it  cools,  a 
scaly  crystalline  deposit  of  boracic  acid. 

Borax  is  also  soluble  in  glycerin,  and  such  a  solution  ( i  in  6  by  weight)  is 
official  as  glycerinum  horacis. 

(For  analysis i  see  Autho/s  Analytical  Chttn^trj,page  106.) 


SILICON  (SvN.  Silicium),    Symbol,  Si.    Atomic  Weight,  28. 

Is  a  metalloid  closely  resembling  carbon,  and  like  that  element  is  allotropic, 
and  capable  of  assuming  a  crystalline,  a  graphitoidal,  and  an  amorphous  state. 
It  exists  very  extensively  in  nature  as  sand  (hence  its  name,  from  sikx\  and 
may  be  isolated  by  the  action  of  metallic  potassium  on  potassium  silico- 
fluoride. 


HYDEOGEN  SILICO-PLUORIDE  (Svns.  Hydro-^uosilicic  Add,    Siliahfluonc 
Acid),    Formula,  H^SiF^. 

When  hydrofluoric  acid  is  brought  into  contact  with  sand,  glass,  or  any 
similar  silicium  compound,  silieon  fluoride  is  produced.  This  is  a  gaseous 
body,  colourless,  and  having  a  density  of  3*6  referred  to  air.    It  is  the  forma- 


silicon  fluoride  which  causes  the  powerful  action  possessed  by  hydro- 
b  iicid  on  gla&s  :— 
^  SiOj  +  4HF  -  SiF^  +  aH„0. 

nliealiDg  together  fluor-spar,  powdered  glass,  and  sulphuric  acid,  and 
j  Ihe  evolved  silicon  fluoride  into  water,  it  decomposes,  depositlDg 
B  anhydride,  and  leaving  hydrogen  siiico-fluoride  in  sohilioii : — 

^SiFjtJH^O  =   aHjSiFa  +  SiOj. 

As  ihus  produced  silico-fluoric  acid  is  a  fuming  liquid  which  evaporates 
ipontaneoHsly  at  too"  F.  When  neutralized  with  sodium  hydratf,  it  yields 
Mdinn  ailico-flaoride  (NajSiFg),  which  is  often  used  as  a  test  for  potassium, 
» il  ptoiiuces  with  soluble  salts  of  that  metal,  a  iransparenl  gelatinous  pre- 
npiiate,  having  the  formula  KjSiFn. 


SruCIC  AMHYDRTDE    (Svns.  iV//,y. 
SiOj.     Uolecalar  Weight,  60. 


AnliyJrous  Silku  AcU). 


^E»ist3  in  nature  as  rtxk  crystal,  quartz,  agate,  epal,  ftinl,  sand,  and  many 
"•cf  nmilar  minerals.  Rock  crystal  is  nearly  quite  pure  crystalline  »lica, 
y»  in  the  amorphous  state  it  may  be  prepared  by  passing  hydrogen  sillco- 
™*nlc  into  water,  as  already  shown.  It  is  then  n  white  tasteless  powder, 
P^tcTalilc  by  ordinary  Sources  of  heat,  but  capable  of  fusion  by  the  oxy- 
[Vjogcn  ilaroe.  Ai\er  ignition  it  is  insoluble  in  water  and  all  acids  except 
■Jtirofliioric.  It  combines  with  water  to  form  a  series  of  hydrates  which  act 
Jfjcids,  the  chief  one  being  silicic  acid,  having  the  formula  HfSiO^.  These 
2^tcs  in  turn  produce  a  long  series  of  silicates  with  metals,  the  formulas  of 
'»<*^  arc  too  complicated  to  be  discussed  in  a  work  hke  the  present.  The 
Ppt  niasa  of  minerals  which  come  under  the  notice  of  the  analyst  contain 
IJ^  in  sonic  form,  and  its  detection  and  estimation  is  of  importance.  To 
™^l  this,  the  mineral  is  reduced  to  a  very  fine  powder,  and  intimately  rubbed 
""i  three  times  its  weight  of  a  mixture  of  potassium  and  sodium  carbonates 
f^ously  dried  with  care.  The  whole  is  introduced  into  a  silver  or  platinum 
^^blc,  anil  heated  until  tranquil  fusion  sets  in.  After  maintaining  the  heat 
^  *  short  time,  the  crucible  and  its  contents  are  cooled  and  placed  in  a 
Sfu*  with  a  little  water  and  a  slight  excess  of  hydrochloric  acid,  and  boiled, 
"•'on  the  mass  has  detached  itself  from  the  crucible  the  latter  is  removed. 
?^  the  whole  contents  of  the  basin  are  evaporated  to  dryness,  and  maintained 
~?  half  an  hour  at  a  temperature  of  a8o°  to  300"  F.  By  this  treatment  the 
^ta  u  Tendered  anhydrous  and  absolutely  insoluble,  and  it  only  remains  to 
"*tt  once  more  with  very  dilute  hydrochloric  acid,  collect  the  insoluble  silica 
**  SIter,  wash,  dry,  ignite,  and  weigh.  On  fusion  with  the  mixture  of  car- 
"WBtcsiis  above  described  a  potassium  sodium  silicate  is  formed  which  is 
'^'wle  in  water.  On  treating  tiiis  solution  with  hydrochloric  acid  ihe  silicic 
'"'•  is  set  free,  partly  as  a  gelatinous  precipitate,  but  a  considerable  portion 
''"•HIS  dissolved.  The  evaporation  to  dryness,  and  subsequent  heating, 
^*^a  Ihe  decomposition  of  t!ie  silicic  acid,  which  gives  up  water,  and  leaves 
^^jKca  in  an  insoluble  condition  lit  for  collection. 

.™*ittm  Silicate  is  frequently  prepared  in  the  form  of  a  strong  solution 
bhJi-  "^  '!'^'^""  *s  soluble  gfais  by  fusing  silica  or  sand  with  sodium  carbonate 
K^^'Scstmg  in  water,  and  is  used  for  coating  buildings,  in  order  to  prevent 
^^^'  It  becomes  totally  insoluble  by  exposure  to  the  air  in  contact  with 
g*^»ie,  which  is  thereby  covered  by  an  impervious  coating. 
^?*^'um  silicate  is  also  used  to  adulterate  soaps. 

mixture  of  noncrystalline  and  insoluble  silicates  of  potassium, 
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sodium,  calcium,  magnesium,  and  lead,  usually  containing  a  large  excess  uf 
silica.  The  following  is  the  comjiositioii  of  some  of  the  pririciiial  varieties  of 
fflass  : — 

Tint  Glass Silica,  Sodium  Carbonate,  and  Plumbic  Oxide. 

^ecn  Bottle  Glass. .     .     .     Silica;  Sodium  Carbonate,  and  Iron, 
lale  Glass    .....     Silica,  Potassium  Carbonate,  Calcium  Oxide. 

r  Silica,  Potassium  Carbonate,  Calcium  aiit]    Mag- 
befractory  Chemical  Glass  <      nesium  Oxides,  with  traces  of  Aluminium  and 
C      Manganese. 

'  The  materials,  such  as  white  sand,  sodium  cacbonaCe,  and  red  lead,  are 
■Bed  together  in  a  crucible  until  perfectly  bright  and  free  from  bubbles  of 
::a[>ing  gas.  The  workman  then  dips  in  bis  tube,  the  article  required  is 
m,  and  afterwards  annealed  by  being  allowed  to  cool  gradually  in  an 
1,  Were  this  latter  process  not  perfectly  carried  out,  glass  would  not 
bear  the  slightest  change  in  temperature  without  flying  to  pieces. 

Ppicelalii  and  Btoneware  are  essentially  aluminium  silicate:  the  fonner 
being  very  pure,  and  the  latter  containing  iron,  calcium,  etc.  Both  are  made 
■liy  fashioning  clay  into  the  desired  shape,  and  then  baking  in  a  furnace.  The 
dare  is  communicated  by  throwing  into  the  fire  sodium  chloride,  which 
POlatilires,  and  combines  with  the  outer  portion  of  the  ware  to  form  a  glisieo- 
Dg  coating  of  sodium  silicate. 

[The  difference  between  stoneware  and  porcelain  appears  to  be  this,  thai 

the  vitreous  change  in  the  porcelain  is  carried  farther  than  in  stoneware,  until 

it  approaches  a  condition  of  glass;  while  earthenware  contrasts  with  both 

materials  in  respect  to  its  more  or  less  porous  body  and  dry  fracture,  also  ia 

"■jcing  absorbent,     (John  Sparkes.)]  " 


NIUS.  Symbol,  St.    Atomic  Weight,  795,    Atomicity,  Dyad,  Tet 
or  Hexad. 

This  element,  discovered  by  Berzelius  in  1817  among  the  refuse  uatc^ 
'  of  a  sulphuric  acid  factory,  is  interesting  to  medical  men  and  pharm 
from  the  fact  of  its  being  a  not  uncommon  impurity  in  some  varieties  of  C 
mercial  bismuth,  to  which  it  communicates  dangerous  properties ;  and  ( 
have  occurred  where  most  unpleasant  symptoms  have  followed  the  i 
Liquor  Bumuthi  made  from  such  samples,     It  is  also  found  associated  ■%. 
sulphur  in  many  ores,  especially  as  a  double  sel  en  id  e  of  copper  and  lead  foil 
in  the  Hartz  Mountains,     It  is  most  easily  prepared  from  the  deposit  fo« 
in  tht  vitriol  chambers  of  chemical  works,  where  use  is  made  of  pyrites  o^ 
taining  selenium.  The  deposit  is  treated  with  a  mixture  of  nitric  and  sulphdl 
acids,  and  from  this  solution  of  selenious  acid  the  selenium  may  be  separal^ 
by  diluting  with  four  times  its  volume  of  water,  and  passing  a  current  of  S. 
phurous  anhydride.     The  precipitate  produced  is  taken  up  by  agitating  £ 
liquid  with  carbon  disulphide,  and  the  selenium  is  finally  recovered  from  C 
■solvent  by  evaporation. 

Like  sulphur,  selenium  is  allofropic,  and  is  known  both  in  the  amorphc 
vitreous,  and  crystalline  states.  In  the  amorphous  condition  it  is  in  duct 
red  flakes,  while  in  the  vitreous  state  it  is  black  and  insoluble  in  c 
disulphide.  The  crystalline  variety  is  prepared  by  heating  the  black  mot 
cation  to  zo4'8°  F,,  and  is  bluish-grey.  Selenium  fuses  and  boils  below  a  ifi 
heat,  giving  a  vapour  having  the  odour  of  putrid  horseradish.  It  bums  in  g 
air  with  a  blue  flame,  forming  SeOj, 

It  forms  with  oxygen  a  series  of  adds  as  follows  : — 

Selenious  Anhydride,  SeOj.     Is  produced  when  selenium  is  burnt  in 
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atr  or  boHnl  with  nitric  acid.  It  is  »  white  deliquescent  solid,  soluble  in  waU 
(o  form  scloiious  acid,  HjSeO,.  By  i>assing  any  reducing  gas,  such  aa  vA 
phUTOiis  anhydride  or  sulphuretted  hydrogen,  il  is  decomposed,  yielding  a  n 
precipitate  of  amorphous  selenium. 

Sdraic  Acid.  H,,SeO^.  Con-esponds  to  sulphuric  acid ;  but  its  anhydride  h 
not  been  isolated.  It  is  a  syrupy  liquid,  evolving  heat  when  mixed  wigj 
water,  and  is  prepared  by  passing  sulphuretted  hydrogen  through  iiIurabT 
seleniatc  ;  which  laittrr  is  formed  by  precipitating  potassium  scleniate (produced 
by  fusing  selenium  with  nitre)  with  jilurtiblc  nitrate. 

Sele&tnm  forms  with  hydrogen  a  compound,  HjSe,  called  seleniiirettM 
bjdnigtn,  simitar  to  sulphuretted  hydrogen,  but  much  more  offensive  aoi 
dangcnjuii. 

Compounds  of  selenium  exhibit  the  following  reactions  : — 

J.  Heated  with  sodium  carbonate  on  charcoal  in  the  blowpipe  flame,  thd 
evQtvc  D  peculiar  odour  of  decaying  horseradish  ;  and  a  red  sublimate  \i 
doced  on  a  piece  of  cold  porcelain  held  close  to  the  charcoal. 

IL  Soluble  aeleniteB  yield  a  red  precipitate  of  selenium  with  sulphuroH 
icid,  and  a  yellow  mixture  of  sulphur  and  selenium  with  sulpbureltcd  hydi 
gen,  supposed  formerly  to  be  a  definite  sulphide. 

III.  Soluble  selenatos  give  a  white    precipitate  with  barium  chloride 
IB  insoluble  in  dilute  hydrochloric  acid;  but  when  heated  with  strong  hydw 
chloric  acid  it  dissolves,  with  evolution  of  chlorine. 

^ELLUBIOK.    STinboI,  Te.     Atomic  Weight,  128. 

I»  a  very  rare  element,  also  found  on  one  occasion  in  an  impurity  in  coid 
tnercial  bismuth.     It  was  discovered  by  Mliller  in  17S1,  and  is  a  pinkish-whin 
cryiialline  body,  having  a  metallic  appearance.     Its    compounds  ate  \ 
active  iiril.int  agents  ;  and  even  the  minutest  trace  existing  by  accident  in 
tismuihi  imparts  a  horrible  garlic  odour  to  the  breath.     It  burns  in  the  c 
•   Woe  ilame,  yielding  TeO,,  and  dissolves  in  sulphuric  add  to  a  purple-rcl 
sohilion,  from  which  it  again  separates  on  the  addition  of  water.     It  fonns  ll 
fiJUowing  series  of  oxides : — 

TclluTous  Oxide,  TcOj,  forming  Tcllurous  Acid,  HjTeO, 
Telluric       „       TeO,       „       Telluric       „     HjTeO. 

Ttlhmoi  Oxide  is  found  native  as  UUuritf,  and  is.  fusible  by  heat,  being  ) 
yellow  glassy  mass  while  hot,  but  changing  to  white  on  cooling.  Tellnrie 
Aeid  is  prepared  like  selenic  acid,  and  when  heated  leaves  telluric  Oxide  as 
a  yellow  solid,  insoluble  in  water  and  acids. 


I 


CHAPTER    X. 
N/TROCEiV. 


This  body,  which  was  discovered  by  Schede  and  Rutherford  in  1772  and 
called  by  the  latter  mephitic  air^  exists  in  the  atmosphere,  of  which  it 'con- 
stitutes four-fifths  of  the  entire  volume,  the  remaining  fifth  being  oxygen  with 
a  trace  of  carbonic  anhydride,  and  some  slight  impurities.  Ozone  the  nature 
of  which  is  still  under  investigation,  must  be  included. 

It  is  called  by  foreign  chemists  azote,  because  it  does  not  support  life  ^from 
the  Greek  A  [privative]  not,  i«^,  life) ;  while  by  us  it  is  named  nitrogen 
because  it  is  the  element  which  gives  birth,  as  it  were,  to  nitre.  ' 

Nitrogen  is  easily  prepared,  in  a  tolerably  pure  condition,  by  burning  out 
the  oxygen  from  an  enclosed  space  of  air  by  means  of  phosphorus.  A  piece 
of  common  phosphorus  is  wiped  dry, -and  placed  in  a  small  porcelain  capsule 
which  is  floated  on  the  surface  of  water  contained  in  a  flat  dish.  A  light  is 
then  applied,  and  a  glass  bell-jar  is  quickly  covered  over  the  whole.  The 
phosphorus  commences  to  burn  inside  the  jar,  producing  copious  white  fumes 
of  phosphoric  anhydride  (PoOg)  by  uniting  with  the  oxygen. 

When  all  the  oxygen  has  been  consumed,  the  phosphorus  ceases  to  bum 
and  the  white  fumes  gradually  disappear,  because  they  dissolve  in  and  com- 
bine with  the  water,  to  form  meta-phosphoric  acid ;  and   thus   eventually 
nothing  is  left  in  the  jar  but  a  colourless  gas,  which  is  almost  pure  nitrogen. 

The  steps  of  the  process  by  which  the  oxygen  is  removed,  may  be  thus 
represented : — 

^cNo  +  2P,,  +  5O3  =  2Pjj05  +  :»:N2. 

^Ng  +  2P2O5  +  2H3O  =  4HPO3  /atNj. 

Nitrogen  may  also  be  isolated  from  the  atmosphere  by  passing  air  slowly 
over  red-hot  copper,  which  absorbs  the  oxygen,  and  leaves   the   nitrogen; 

thus : — 

Cuj  +  Oa  +  jfNg  =  2CuO  +  ^N3. 

Another  way  of  proceeding,  is   that  usually  employed  in   the   volumetri<_ 
analysis  of  air.     A  quantity  of  air  is  introduced  into  a  graduated  tube  in- 
verted over  a  trough  of  mercury.     The  measure  of  air  having  been  read  oflC^ 
a  few  drops  of  strong  solution  of  potassium  hydrate  are  introduced  into  th ' 
tube,  which  quickly  absorb  the  carbonic  acid  gas.     The  volume  is  again  rea 


off  and  a  few  drops  of  strong  solution  of  pyrogallic  acid  are  introduced,  whicl 
combines  with  the  potassium  hydrate,  forming  potassium  pyrogallate,  a  sub- 
stance possessing  an  extraordinary  power  of  absorbing  oxygen. 

When  no  further  contraction  of  the  gaseous  contents  of  the  tube  is  obsenr^-^^ 
able  the  volume  of  pure  nitrogen  thus  remaining  is  read  off,  and  by  a  simple  X-^ 
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calculation  the  respective  volumes  of  the  carbonic  acid,  oxygen,  and  nitrogen 
in  ihc  original  volume  of  air  are  ascertained. 

By  this  and  similar  methods  of  analysis  the  atmosphere  has  been  proved 
to  be  oonstiluted  as  follows  : — 

Bv  Weight.  By  V 


.Oxygen 33 

Nitrogen 77 

Carbonic  Anhydride.  "         ■      1 

Afitieous  Vapour       ..,.'■  traces 
Ammonia  Gas  and  organic  impurities      ) 


It  is  certain  that  the  air  we  breathe  is  not  a  chemical  compound,  but  simply  I 
■  mechanical  mixture,  because  the  oxygen  and  nitrogen  do  nut  exist  in  their 
pfOper  combining  proportions,  or  in  any  lixed  arithmetical  relations  to  these 
l^t^ortions.     Moreover,  when    the   iwo   are  attempted  to  be  combined  in 
proportions  to  form  air,  neither  contraction  nor  development  of  heat  takes  j 
place  in  luiy  marked  degree  ;  and  indeed  if  the  oxygen  were  not  perfectly  free,  ■ 
tlic  air  would  not  support  the  combustion  of  our  fires"  nor  the  respiration  otu 
aninuls. 

To  prepare  nitrogen  in  a  state  of  absolute  purity,   ammonium  nitrite  i 
hcateiJ  in  a  retort     It  is  thus  completely  decomposed  into  water  and  free] 
nitrogen, 

_The  same  result  is  obLiined  by  heating  together  a  mixture  of  potassium! 
nitnle  and  ammonium  chloride,  thus  : — 

+  KC1  + 


H3O. 

t  of  chlorine  through  a  solution 


KNOa  +  NHp  = 

It  may  also  be  obtained  by  passing . „ 

*(  ammonium  hydrate.     When  the  latter  is  strong,  each  bubble  of  chlorine 
■*>*«  ihc  liquid  with  a  flash  of  light.     Great  care  must  be  taken  that  the 
point  of  neutralization  of  the  hydrate  is  not  approached,  as  nitrogen  chloride 
W  rtiremcly  explosive  liquidj  might  then  be  formed.     The 
8NH^HO  +  3Cls  =  6NHp  +  8HjO  +  Na. 
.  ■™'<  nitrogen  is  a  colourless,  tasteless,  and  inodorous  gas  ;  entirely  negatived 
...*"  'ts  properties  ;  neither  combustible  nor  a  supporter  of  combustion  or  of 
^^  Capable  of  condensation  to  a  liquid  by  combmed  intense  cold  and  great 
^!?^^^-  ^nd  practically  insoluble  in  water.     100  gallons  of  water  at  60°  F. 
Wtn  ^'^^^^''^  about  one  gallon  and  a  half  of   nitrogen.      In   combination 
(jJ^Ser^  e.>Lhibits  an  atomicity  equal  to   H5,  and  is  therefore  truly  a  pentad  ; 
fviad"*  "''"^^  cases  part  of  the  atomicity  becomes  latent,  and  it  acts  only  as  a    ' 
f^^  '        Kxamj)les  may  be  seen  in  ammonium  salts,   and  in  ammonia  gaa. 
j^Atomicity.) 
hfiXf    *'*JRen  will   not  combine  directly  either  with  free  oxygen  or  with  free 
in    jj**S^n,  but  will  unite  with  the  former  when  ozonized  by  the  electric  spark 
Oa^  ^Sence  of  a  strong  alkali,  and  with  the  latter  when  presented  in  the 

\Vul*  state. 
Sfl^^^*^  magnesium  and  boron  it  will  combine  at  a  red  heat,  and  also  1 
ile^l-*^    heated  to  redness,  in  presence  of  an  alkali,  to  form  a  cyanide  of  ll 
~, '-      (Sfc  Cy&nogen.) 


«r 


any  on«  of  the  oxides  of  nitrogen  were  mixed  with  satGcient  ninogen  for  the  m 
h»ve  the  percenlajjc  composliiou  of  air,  the  combinalign  would  not  support  co 
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COMPOUND   OF  NITROGEN  WITH   HYDROGEN. 

AMMONIA.  Formula,  NH3.  Molecular  Weight,  17.  Deiuityy  referred  to 
Air,  -6890.  Density,  referred  to  Hydrogen,  8-6.  Weight  of  1  Litre, 
•7633  gramme. 

Is  a  colourless  gas,  with  a  well-known  pungent  and  irritating  odour,  which 
can  be  liquefied  under  a  pressure  of  6-5  atmospheres  at  a  temperature  of  62° 
Fahr.,  and  even  solidified  by  great  cold  and  pressure.  It  is  very  soluble  in 
water,  which  will  absorb  700  times  its  own  volume  of  the  gas.  It  can  be  obtained, 
but  with  difficulty,  by  the  direct  combination  of  nitrogen  and  hydrogen,  under 
the  influence  of  a  series  of  induction  sparks  produced  by  a  powerful  coil, 
and  passing  through  the  gaseous  mixtiure  from  platinum-pointed  wires  : — 

Ng  +    3H2  =   2NH3. 
2  vols.    6  vols.      4  vols. 

The  molecule  of  ammonia  gas  therefore  contains  i  volume  N  and  3 
volumes  H,  condensing  upon  combination  to  2  volumes.  That  is,  i  gallon  of 
nitrogen  and  3  gallons  of  hydrogen  would  produce  2  gallons  only  of  NHj. 

Ammonia  is  practically  produced : — 

1.  By  the  action  of  nascent  hydrogen  upon  nitric  acid  or  nitrates.  This 
is  seen  when  zinc,  iron,  tin,  or  cadmium  are  dissolved  in  very  dilute  nitriQ 
acid : — 

4Zn  +  9HNO3  =  4Zn2N08  +  NH3  +  3H2O. 

Or  better  when  a  nitrate  is  acted  on  in  solution  by  zinc  or  iron  and  dilute 
sulphuric  acid. 

2.  By  the  action  of  zinc  or  aluminium  and  potassium  or  sodium  hydrate 
upon  a  nitrate. 

The  metal  and  alkali  first  yield  nascent  hydrogen  : — 

8KHO  +  4Zn  =  4K2Zn02  +  4H2. 
This  acts  upon  the  nitrate  in  presence  of  the  water : — 

KNO3  +  H2O  +  4H2  =  KHO  +  NH3  +  3H2O. 

3.  By  the  decomposition  of  nitrogenous  organic  matters. 

{a)  Such  as  cyanogen  under  the  influence  of  water  or  alkalies. 

(b)  Such  as  albumen  under  the  joint  influence  of  oxidation  and  alkalies. 

{See  Water  Analysis  in  Author's  Analytical  Chemistry, /o^^  189.) 

4.  By  heating  ammonium  chloride  with  calcium  hydrate  : — 

2NH4CI  +  Ca2H0  =  CaClg  +  2NH3  +  2H2O. 

A  similar  reaction  will  take  pkce  when  any  salt  of  ammonium  is  heated  with 
an  alkali. 

Ammonia  in  uniting  with  water  or  acids  (which  it  does  with  great  avidity) 
not  only  displaces  hydrogen,  but  unites  with  the  hydrogen  so  displaced  to 
form  the  basylous  radical  ammonium  (NH^.  Nitrogen  is  truly  a'  pentad  in 
atomicity,  but  in  ammonia  two  of  the  atomicities  saturate  each  other,  and  so 
the  nitrogen  acts  as  a  triad  only.  But  it  is  always  ready  and  eager  to  assume 
its  proper  state,  and  therefore  when  it  is  brought  in  contact  with  an  acid  it 
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i  so,  and  is  thus  saturated  to  its  full  extent,  whea  a  salt  of  amtnoQiiu 
prodowd:  — 


'itiW  Cict  can  be  proved  by  simply  holding  near  each  other  the  Sm 
Son  the  hydrochloric  acid  and  liquor  ammonia  botties.     I m mediately  tl 
I  ijMe,  a  while  smoke  is  lormed,  consisting  of  solid  ammonium  chloride  J 
I  'weed  by  the  combination  of  the  two  gases  NH^  +  HCI. 

^'^uoonia  gas  is  very  soluble  in  water,  foraiing  ammonium  hydrate : — 

NHg  +  HjO  =  NH^HO. 

hiFto**  P^^i^S  *  series  of  sparks  througli  a  known  volume  of  ammonia  in  a 

te    Over  mercury,  the  volume  gradually  increases  until  it  doubles  itself,  and 

"*  "le  result  is  found  to  be  free  hydrogen  and  nitrogen,  in  the  proportion  of 

i^--   H  and  i  vol.  N.     A  similar  reaction  may  be  caused  by  passing  ani- 

""■■  through  a  red-hot  lube. 

may  be  displaced  either  by  basylous  or  acidulous 
amine  is  produced,  and  in  the  latter  an  amide. 


The 


tadi 


.-  hydrogen  of 

Y»  "^^^  ;  in  the  former  case  an  amine  is  proauced,  and  \a  llie  latter  an  amidfl. 
jj     ^?  compounds  are  of  the  greatest  interest,  and  will  be  found  fully  described 
*^uture  chapter. 


COMPOUNDS  OF  NITROGEN  WITH  OXYGEN. 
**^h  oxygen  nitrogen  forms  6ve  compounds  in  regular  series,  thus  :— ^ 

*^itrotis  Oxide NjO. 

**itric  Oxide Nj05  =  2N'O.I 

J^ttrous  Anhydride NjOj. 

>*  itric  Peroxide N,Ot  -  aNOJ 

>J  itric  Anhydride    .  NjOs 

■^"^ftOUS  OXIDE  (Syns.  Laughing  Gas.     Niirngen   Mon-Oxidt. 

cf  Nitrogen)    Formula,  N^O.    Molecular  Weight,  44.   Density,  reftrx 
to  Hydroj^ai,  22'OB.    Weieht  of  a  Litre,  1'98  ^^-nirim: 
"epared  by  simply  healing  ammonium  nitrate,  which  is  entirely  decom 
"*.  into  nitrous  oxide  and  water : — 

NHjNO,  =  NsO+2H,0. 
.     Tj*eheat  employed  must  be  under  485"  V.;  but  at  first  a  temperature  of 
3S'    ^.  will  cause  decomposition. 

rne  jiroduction  of  the  gas  is  much  facilitated  by  heating  the  crystals  with 
autUt:  waier  until  perfect  li<iuidity  is  effected,  and  then  evaporating  with  con- 
sUnt  sijrring  at  a  heat  not  exceeding  300"  F.  until  the  salt  is  converted  into  a 
fine  while  powder.  Nitrogen  mon-oxide  may  also  be  produced  in  a  state  of 
P^^  purity  by  dissolving  zinc  in  nitric  acid  largely  diluted  with  water  : — 
aZna+ioHNOj  =  N.O  +  4Zn2NO,, +  sHA 
'**  Pi^actice  the  zinc  is  shaken  with  i  volume  of  nitric  acid,  1  volume  of 
luilihuric  acid,  and  ^o  volumes  of  water ;  the  gas  is  purified  by  passing  through 
W'>'*ntrated  suljthuric  acid.  When  nitrous  oxide  is  prepared  from  ammonium 
nitrate,  ^^  latter  should  first  be  tested  for  ammonhim  chloride,  as,  shqidd 
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that  substance  be  present,  chlorine  would  be  fonned,  which  might  cause  fittad 
effects  when  administering  the  gas  as  an  anaesthetic  Traces  of  higher  oxides 
may  be  removed  by  ferrous  sulphate,  and  any  acidulous  impuri^  by  sodium 
or  potassium  hydrate.  Nitrous  oxide  is  a  colourless  gas,  with  a  sweet  taste, 
soluble  to  a  considerable  extent  in  water*  (loo  gallons  would  dissolve  nearly 
80  gallons  of  the  gas  at  an  ordinary  temperature).  It  is  capable  of  liqu^su:- 
tion  under  a  pressure  of  30  atmospheres,  when  cooled  to  Uie  freezing  point 
of  water.  Liquid  nitrous  oxide  on  evaporating  produces  such  intense  cold 
that  it  will  partially  freeze  itself,  and  become  a  white  snow-like  substance. 

The  most  important  property  of  nitrous  oxide  is  its  power  of  produciDg 
when  inhaled  a  kind  of  intoxication  coupled  with  insensibility  to  pain :  it  is 
therefore  much  used  in  dentistry  and  minor  surgical  operations.  It  dissolves 
in  the  blood,  which  acquires  for  the  time  a  peculiar  tint;  but  with  most 
]jersons  its  action  is  transient,  and  it  does  not  leave  any  troublesome  effects 
behind. 

Many  bodies  which  bum  in  oxygen,  also  bum  with  considerable  brilliancy 
in  this  gas  till  all  the  oxygen  has  been  removed.  It  will  be  found  that  after 
the  experiment  there  will  still  remain  a  volume  of  free  nitrogen  equal  to  that 
of  the  nitrous  oxide,  proving  that  the  volume  of  nitrogen  required  to  form 
nitrous  oxide  is  equal  to  the  resulting  oxide,  viz.,  two  volumes : — 

NgO     =     Ng     +     O. 
2  vols.        2  vols.       I  voL 

The  same  fact  may  be  proved  by  passing  the  gas  through  red-hot  tubes,  or 
exploding  it  with  hydrogen,  which  forms  water,  and  sets  free  nitrogen : — 

NgO     +     H3     =     Nj     +     H3O. 

2  vols.  2  vols.  2  vols.  2  VOls. 

Mixed  mth  oxygen  or  air,  nitrous  oxide  will  not  form  red  fumes ;  but  should 
it  do  so,  it  is  then  contaminated  with  the  next  compound,  nitric  oxide. 

NITRIC  OXIDE  (SvNS.  NitrosyL,  Nitrogen  Dioxide.  Binoxide  of  Nitrogen, 
Deutoxide  of  Nitrogen.  Azotyl).  Formnke,  N0O3,  or  NO.  MoIecSar 
Weight,  30.  Densi^,  referred  to  Hydrogen,  15.  Weight  of  1  Litre,  1-344 
gramme. 

This  gas  is  usually  produced  when  nitric  acid  acts  so  as  to  dissolve  a  metal, 
or  to  raise  a  body  from  a  lower  to  a  higher  state  of  oxidation,  as  for  instance 
iron  from  the  ferrous  to  the  ferric  state.  (See  Ferric  Chloride  and  Ferric 
Sulphate.)  Most  commonly  it  is  prepared  from  copper,  since  that  metal 
dissolves  easily  in  dilute  nitric  acid  without  the  aid  of  heat,  although  it  is 
usual  to  warm  gently  in  order  to  quicken  the  action.  The  copper  is  placed 
in  a  flask,  fitted  with  a  funnel  tube,  extending  to  the  bottom,  and  a  delivery 
tube  just  passed  through  the  cork.  Sufficient  water  is  added  to  nearly  cover 
the  copper,  and  half  as  much  strong  nitric  acid  is  poured  in  by  the  funnel 
tube.  At  first  the  flask  appears  to  be  filled  with  red  fumes,  but  soon  the  air 
becomes  driven  out,  and  a  colourless  gas  is  given  off,  which  can  be  collected 
over  water.  This  is  the  nitric  oxide.  It  is  a  very  dangerous  gas  to  breathe, 
and  should  always  be  made  in  an  open  place  or  proper  fume  chamber.  The 
moment  it  comes  in  contact  with  the  air,  it  unites  with  the  oxygen,  and  pro- 
duces red  fumes,  which  consist  chiefly  of  nitric  peroxide : — 

2NO     +     02     =     2NO3. 

4  vols.  2  vols.  4  vols. 

*  A  solution  made  under  six  or  seven  atmospheric  pressures,  is  sometimes  used  as  a  stimu- 
lant. 
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When  nitric  oxide  is  passed  over  red-hot  carbon,  it  is  decomposed  into 
carbonic  aobydride  and  nitrogen  : — 

bNO     +     C     =     CO,     +     Nj. 
4  vols.  a  vols.         a  vols. 

tVTien  mixed  with  an  equal  volume  of  hydrogen,  and  a  light  or  spark  applied, 
combustion  ensues,  and  water  and  free  nitrogen  are  produced : — 
aNO      +     aHj      =      N,      +      aHjO. 
4  vols,         4  vols.        3  vols. 
When  nitric  oxide  is  mixed  with  sulphuretted  hydrogen  and  passed  over 
uia  li^t,  it  is  converted  into  ammonia  gas.     When  produced  in  presence  of   ■ 
1  ferrous  salt,  it  is  absorbed,  and  combines  with  the  salt  to  produce  a  dark 
coloured  compound,  which  is  instantly  decomposed  by  heal,  and  slowly  by    ' 
«posure  lo  the  air.     It  contains  two  molecules  of  the  iron  salt  and  one  NO,    ' 
•fce  cotvpound  with  ferrous  sulphate  having  the  formula  (FeSO^)gNO. 

Nitric  oxide  is  insoluble  in  water,  but  has  lately  been  liquefied  by  extreme 
60ld  and  pressure.  It  can  act  as  a  monad  radical,  and  replace  hydrogen. 
This  is  a  common  occurrence  in  organic  chemistry.  When  it  so  behaves  it 
tt  called  nitroByl. 

WROOS  AHHYDRIDE  (Syns.  Nitrous  Add.  Nilrogen  Trioxidi).  Pormida, 
NjO,.  Uolecolar  Weight,  76. 
Is  (at  a  teraperalure  of  o"  F.)  a  bluish  liquid,  emitting  red  fumes,  prepared 
By  mixing  4  vols,  of  niiric  oxide  and  i  vol.  of  oxygen  together,  in  a  glass  lube 
^'•'^Unded  by  a  strong  freezing  mixture  capable  of  producing  a  temperature 
**  "Agrees  below  the  freezing  point  of  water. 

aNO  +  0  =  NoOj. 
'I  IS  very  unstable,  and  when  brought  into  contact  with  water  is  decom- 
E**^  into  nitric  acid  and  niiric  oxide  ; — 

aNjOj  +  HjO  =  sHNOj  +  4NO. 

'O  this  case,  therefore,  practice  does  not  bear  out  the. theory,  which  would 

^  'hat  nitrous  anhydride  should  combine  with  water  to  form  nitrous  acid, 

NjOj  +  HjO  =  zHNOj. 

^t  allhougli  we  cannot  really  isolate  and  preserve  pure  nitrous  acid,  yet 
™^  an  acid  must  exist,  as  there  is  a  definite  class  of  salts  called  nitrites, 
"wch  have  for  their  acidulous  radical  NO5,  behaving  as  a  monad.  An  impure 
'"■j'*'**^^  called  nitrous  acid,  is  prepared  by  acting  on  starch  or  arsenious 
*™  with  niiric  acid.  The  commercial  nitrous  acid  thus  prepared  is  a  solu- 
''?^  of  nitrous  anhydride  in  nitric  acid,  which  is  decomposed  by  dilution 
Wh  wrater,  in  a  similar  manner  to  pure  anhydride.  The  action  of  nitric  acid 
"P™  arsenious  acid  may  be  thus  shown  : — 

.A,S30j  +  2HNOj  =  AsjOf  +  N3O3  +  HA . 

^^'^OlTnntt  NITHITE  (SvN.  Nitrite  of  Ammonia).     Pomnla,  NH.^NOj. 

^^y  referred  to  imdcr  nitrogen,  where  its  production  is  shown  from 
°*>iura  chloride  and  potassium  nitrite, 

^p^SSlUM  HITHITE.     Formula,  KNOj. 
ij  tLP^*"sd  by  healing  potasBium  nitrate  until  oxygen  ceases  to  be  evolved, 
^**n  boiling  out  with  alcohol,  and  crystallizing  from  the  alcoholic  solutioiL 


S/TROGEN. 


AKGEHTIC  NITEITE  (Svs.  Nitrite  of  Stiver).    Poraula,  AgVO.. 

A  white  precipitate  produced  by  potassium  nitrite  in  &  sotutioD  of  argentic 
nitrate,  and  sometimes  contained  in  fused  argentic  nitrate  [lunar  caus/ii), 
being  formed  by  the  heat  employed. 

When  dried  and  ignited,  it  leaves  a  residue  of  pure  metallic  silver,  and  this 
reaction  has  been  the  means  of  proving  the  molecular  weight  of  nitrons  acid. 
154  parts  by  weight  of  argentic  nitrite  yield  108  parts,  or  one  atomic  weight, 
of  silver.  The  loss  is  therefore  46  parts  of  N  and  O  ;  and  substituting  one 
part  of  hydrogen  for  the  108  of  silver  left,  we  have  the  mi>!ecular  weight  of  , 
.nitrous  acid  fixed  at  47,  which  agrees  with  the  formula  HNOj. 

f  CUPEIC  HITRITE  (Syn.  mtrite  of  Copper).     Formula,  Ca(NOs)i. 

Forms  a  solution  of  a  peculiar  apple-green  colour,  which  when  oncese^ 
almost  immistakable.    When  a  mixture  of  aqueous  solurions  of  cupric  sulid 

and  plumbic  nitrite  (the  result  of  heating  lead  with  plumbic  nitrate)  is  i 
cupric  nitrite  is  produced  in  soluiion,  which  is  converted  by  the  absorptioi 
oxygen  into  cupric  nitrate. 

POTASSIUM  COBALTOUS  NITRITE.    Formula,  (Co,0)4N0j.6KH0y 

A  yellow  crystalline  precipitate,  produced  when  excess  of  potassiut 
is  added  to  a  solution  of  cobaltous  chloride,  slightly  acidulated  with  i 
acid.     Quite  insoluble  in  cold,  but  soluble  in  hot  water.     This  substanct 
important,  as  it  serves  as  a  means  of  separating  cobalt  from  nickel.  ^^_ 

NitrUes  are  also  produced  by  the  oxidation  of  ammonia  gas,  and  often 
occur  in  the  drinking  waters  of  our  cities  and  villages.  Such  water  is  looked 
upon  with  suspicion,  as  the  nitrites  might  arise  from  oxidized  sewage  matter. 

E{For<kliclioH  ef  Nitritts,  ste  JrUAer's  Aialjiiwl  Chemiaxj./iage  61,) 
3IITBIC  PEROXIDE  (Svn.  Hypomtric  Adif).  Pormtda,  HjOj  =  zNO^. 
This   oxide  constitutes   the  chief  portion  of  the  red  fumes  formed  wben 
nitric  oxide  comes  in  contact  with  the  air.     It  is  also  given  off  when  plumbic 
nitrate  is  heated  to  redness  :— 
aPbjNOj  =  jPbO  +  aNjO^  +  Oj. 
Tt  can  be  condensed  by  great  cold,  first  to  a  liquid  and  then  to  a  solid  state, 
while    the    oxygen   passes  off.     It  is  also  produced  in  the  manufacture  of 
hydrargyri  oxidiim   ruhrum,  during  the  heating  of  the  mercuric  nitrate  with 
metallic  mercury  in  the  last  stage  of  the  process  ; — 
Hg2N03  +  H8  =  2HgO  +  2NO,. 
.    In  combination  with  a  little  water,  it  forms  both  nitrous  and  nitric  acids  : — 
aNOs  +  HjO  =  HNO3+HNO3. 
With  excess  of  water  the  nitrous  acid  is  itself  decomposed  into  nitric  acid 
and  nitric  oxide. 
In  common  with  all  the  other  oxides  of  nitrogen  already  studied,  this  body, 
although  perfectly  unaffected  by  a  red  heat,  is  decomposed  into  nitrogen  and 
oxygen  by  the  electric  spark  at  86°  F.  ;  but  the  action  is  not  perfect,  owing  to 
a  partial  recombination  taking  place. 
In  the  same  manner  nitrous  oxide  is  decomposed  by  the  spark,  two  d 
actions  taking  place,  thus : — 
I.  N3O  =  Kj  +  0. 
a.  4NjO  =  NB0,i-3Nj. 


ihis  body, 
□gen  and        I 
owing  to        I 

dis^|taJ 


^Viih  nitric  oxide  the  spark  quickly  produces  the  following  simultaneous 
decompositions : — 

1.  jNiOa  =  >fiO  +  NiOa. 

2.  aNjOj  =  N,Oi  +  N,. 

After  a  long  continusince  of  sparks,  the  whole  is  decomposed  into  Nj  and 
Oj  with  a  little  NgO,.     These  are  the  researches  of  M.  Bcrthelol,  who  also 
iiatcs  that  nitrona  oxide  supports  flame  more  readily  than  nitric  oxide,  becauseJ 
at  a  red  heat  the  former  body  entirely  breaks  up  into  its  elements,  while  i' 
the  same  temperature  the  latter  body  also  produces  nitric  peroxide. 

The  group  NOj  is  a  monad  radical,  and,  like  NO,  is  capable  of  repla 
hydrogen  in  many  compounds.  It  is  called,  when  acting  thus,  iti/ry/,  and  a 
immense  number  of  sitbstitution  products  in  organic  chemistry  are  thus  pro 
diiced,  such  as  nitrocellulose,  nitrobenzene,  and  nitroglycerin,  which  are  ful^ 
cunsidered  later  on. 

NITRIC  AiraYDRIDE    (Svn.   Auhydmis  Ailrii  AdJ).     Formula,   S^O 
Uolecular  Weigltt,  106. 

Prepared  by  decomposing  perfectly  dry  ai^entic  nitrate  with  chlorine  g 
and  collecting  the  brilliant  white  crystals  which  are  formed,  in  a  receiver  ii 
mcrsed  in  a  freezing  mixture. 

4AgN0;+  aClj  =  4Aga  +  iNjOj  +  0, 

tt  combines  with  water,  causing  a  great  evolution  of  heal  and  fonning  n 
add.     It  melts  at  86"  F.,  and  decomposes  when  heated  to  about  i  ij**  F. 
cannot  always  be  preserved,  even  at  the  ordinary  temperature  and  in  clo! 
ve«els.     Except  after  becoming  moist,  it  possesses  no  acid  properties ;  but  ^ 
combines  with  water  with  great  avidity,  to  form  : — 

HTDROQEN  NITRATE  (Sv.s-s,  Nitric  Acid.   Spirits  of  Nilrt.    Aqua  Forth 
Formula,  HNO,.     Molecnlar  Weight,  63. 

This  acid  is  not  found  in  the  free  state  ;  but  is  always  prepared  by  distJiUiu 
sodium  nitrate  or  potassium  nitrate  with  sulphuric  acid,  thus  : — 
NaNOj  +  HjSO,  ^  HNOj  +  NaHSOv 
KNOj  +  H,SO^  =HN03  +  KHSl\.  _ 

L'sing  this  proportion  of  sulphuric  acid  with  sodium  nitrate,  the  action  takes 
place  freely  at  a  low  temperature,  and  sodium  hydrogen -sulphate  is  produced. 

If  a  fresh  portion  of  sodium  nitrate  be  added,  and  the  heat  greatly  r.iised, 
a  second  reaction  will  set  in,  and  nitric  acid  will  be  again  given  off;  the 
oeutial  sodium  sulphate  being  produced  :— 

NaNOj  +  NaHSO^  =  HNOj  +  Na^O,. 

The  latter  process,  however,  tends  to  produce  an  acid  containing  nitric  P^^ 
oiide.  owing  to  the  high  temperature  required  partially  decomposing  the  nitrf 
acid  formed. 

The  B.P.  thus  describes  nitric  acid  ; — 

A  colourless  liquid,  having  a  specific  gravity  of  v^i.  When  exposed  toj 
the  air,  it  emits  an  acrid,  corrosive  vapour.  If  it  be  poured  over  coppor^f 
dense  red  vapours  are  immediately  formed  (nitric  peroxide  gas)  \  but  if  tlM> 
acid  be  mixed  with  an  equal  volume  of  water,  and  then  added  to  the  copperj.j 
it  gives  off  a  colourless  gas  (nitric  oxide),  whid)  acquires  an  orange-red 
coloor  as  it  raises  with  the  air  (nitric  peroxide).  The  boiling-point  of  the 
add  b  ISO*  F.    It  contains  70  per  cent,  of  HNX),. 

(/I>r  analyst!  and  ii-furiliti,  irt  AHlkf'i  iatSjUOl  ClitmUtr;.  /-ige  101.) 
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The  B.P.  acidum  nitricum  dilutuni  is  thus  prepared  ; — 

Dilute  6  fluid  ounces  of  nitric  acid  with  24  fluid  ounces  of  water,  then  add 
more  water,  so  that  at*  a  temperature  of  60°  it  shall  measure  31  fluid  ounces. 
The  resulting  dilute  acid  has  a  specific  gravity  of  1*101.  It  contains  17*44 
per  cent,  of  HNO3. 

It  is  possible  to  produce  a  fuming  nitric  acid  much  stronger  than  the  B.P.- 

Absolute  nitric  acid  has  a  specific  gravity  of  i'52.  It  is  not  commercially 
obtainable,  the  strongest  being  the  93  per  cent,  acid,  which  has  the  specific 
gravity,  1-5.  The  "  single  "  aqua  fortis  contains  firom  30  to  35  per  cent  of 
N2O5,  and  the  "  double  strength  "  about  50  per  cent  by  weight. 

It  has  been  found  that  the  B.P.  acid,  being  a  definite  hydrate,  having  the 
true  formula,  2HNO8  +  3H2O,  is  much  less  liable  to  decomposition  and  the 
development  of  nitric  peroxide  by  exposure  to  light,  than  the  strong  acids, 
besides  being  more  certain  and  uniform  in  its  action  on  metals. 

For  instance,  iron  is  violently  attacked  by  the  B.P.  acid  of  i'42  specific 
gravity,  indeed  so  violently  that  in  making  liquor  ferri  pemitratis  we  are 
specially  warned  to  dilute  the  acid  to  moderate  the  action ;  and  yet  iron  is 
not  the  least  affected  by  immersion  in  fuming  HNOsOf  1*52  specific  gravity, 
but  exhibits  what  is  called  passiyity,  refusing  even  to  dissolve  when  subse- 
quently immersed  in  B.P.  acid,  until  it  has  been  touched  by  a  metal  strongly 
electro-negative,  such  as  platinum.  Even  the  B.P.  acid  acts  imwillingly  on 
silver  and  mercury,  unless  aided  by  dilution  and  a  gentle  heat.  As  regards 
the  action  of  nitric  acid  on  metals  generally,  it  may  be  said  that  it  dissolves 
them  all  with  the  exception  of  gold  and  platinum,  on  which  it  has  no  action  ; 
and  tin  and  antimony,  with  which  it  forms  insoluble  compounds  (stannic  and 
antimonic  oxides).  Tin  will,  however,  dissolve  in  very  dilute  cold  nitric  acid, 
as  will  also  zinc  and  iron,  with  the  production  both  of  nitrous  oxide  and  of 
ammonia,  in  greater  or  less  quantity.  The  formation  of  ammonia  from  zinc 
and  nitric  acid  may  be  thus  represented  : — 

2Zno  +  9HNO3  =  4Zn2N03  +  3H26  +  NH3. 

Nitric  acid  stains  the  skin  yellow.  This  stain,  the  colour  of  which  re- 
sembles that  caused  by  iodine  and  bromine,  can  be  readily  distinguished  from 
others  by  not  altering  when  the  part  tinted  is  warmed,  and  being  intensified 
into  orange  upon  treatment  with  an  alkaline  hydrate.  By  the  action  of  po- 
tassium permanganate  the  yellow  stain  is  converted  into  a  dark-brown  colour. 
On  dissolving  this  in  a  warm  and  weak  solution  of  oxalic  acid,  or  in  sul- 
phurous acid,  which  decomposes  and  decolorizes  it  with  even  greater  facility, 
all  traces  of  the  yellow  coloration  will  be  found  to  have  disappeared. 

NITRO-HYDROCHLORIC  ACID. 

When  nitric  and  hydrochloric  acids  are  mixed  together,  they  react  on  each 
other,  producing  free  chlorine  and  nitrosyl  chloride,  thus  : — 

HNO3  +  3HCI  =  NOCl  +  CI3  +  2H2O. 

The  liquid  obtained  in  this  manner  is  called  aqua  regia^  and  is  used  for  dis- 
solving metals,  such  as  gold  and  platinum,  which  resist  the  action  of  all  other 
acids.  The  aciduvi  nitro-hydrochloriann  dilutum,  B.P.,  is  prepared  by  mixing 
3  fluid  ounces  of  nitric  acid,  and  4  fluid  ounces  of  hydrochloric  acid,  letting 
the  mixture  stand  for  24  hours  and  then  adding  25  ounces  of  distilled  water. 

It  is  a  colourless  acid  liquid.     Specific  gravity,  1*07. 

{For  analysis^  see  Authar't  Analytical  Chemistry,  page  loi. ) 

The  acid  may  be  distinguished  from  the  dilute  nitric  and  hydrochloric 
acids  of  the  B.P.  by  the  following  tests : — 

It  gives  a  precipitate  with  argentic  nitrate  insoluble  in  nitric  acid,  and  at 
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the  same  time  it  will  convert  ferrous  sulphate  lo  the  ferric  state,  and  < 
aa  immediate  blue  colour  when  added  to  a  mixture  of  polaasium  iodide  aix 
starch  paste.     The  dilute  nitric  acid,  on  the  one  hand,  will  not  precipitaf 
stiver,  while,  on  the  other,  the  dilute  hydrochloric  acid  will  not  liberate  iudiu 
not  raise  iron  co  the  ferric  state. 


METALLIC   NITRATES. 

AH  nitrates  arc  soluble  in  water,  especially  when  slightly  acidulated  v 
nilric  acid-  The  nitrates  of  the  alkalies  are  only  decomposed  by  a  very  h  _ 
teni|>erjture  -  but  most  of  the  nitrates  of  the  heavy  metals,  such  as  coppi 
mercury,  and  lead,  when  heated,  are  readily  decomposed,  leaving  a  residue  d 
oxide.  .'Vrgentic  nitrate,  however,  when  heated  leaves  metallic  silver, 
{For  dtlKtioH  a/  fHiralts,  let  Aulhar'i  AiuIftiMl  Cliemlttrjr,  pagts  63.  6j  ) 

AJMONItTH  HITBATE   (Syn.  Nitrak  ,>f  Ammonia).    Formula,  NH,irtf 
Kolecnlar  Weight,  80. 

Prepared  by  neutralizing  nitric  acid  by  ammonium  carbonate,  and  c 

uniting.     It  is  used  lor  making  laughing  gas,  and  is  also  employed  in  freez^ 

mixtures,  as  il  absorbs  while  dissolving  an  immense  amount  of  heat,  and  I 

produces  intense  cold.    Made  from  the  official  carbonate,  the  action  Is,- 

NtH,jC,08  +  4HNO,  =  4NH^NOa  +  3C03+aHjO. 

The  B.P.  orders  the  evaporation  of  the  solution  until  cry.^tals  are  obtained,, 
and  keeping  these  fused  at  a  temperature  not  exceeding  320''  unlit  the  vapoitf 
of  water  is  no  longer  emilted. 

Thus  made,  it  is  a  white  deliquescent  salt,  in  confused  crystalline  r 
having  a  bitter  acrid  Listc.     Soluble  in  less  than  its  own  weight  of  water,  1 
sparingly  soluble  in  rectified  spirit.     It  fuses  at  a  temperature  of  320°  F.,  1 
at  350"  to  450°  it  is  entirely  resolved  into  nitrous  oxide  gas,  NjO.  and  t 
vapour  of  water, 

aODIUH  NITRATE     (Sv.vs.  XHraU  •'/ Soda.     Cuiit  A'l/re.     CAi/i  Sa//^/rtyM 
FormiUa,  NaNOj.     Solecolar  Wotglit,  85,  1 

Is  found  native  in  immense  tiuontities  in  Peru  and  Chili,  and  is  puri&e(£fl 
CftKn  the  chlorides  and  sulphates  which  it  contains  by  recrysi  a  nidation.     It  Im 
deliijueMient,  and  therefore  unfit  for  the  preparation  of  gunpowder.     Its  chief! 
ii»es  are  fur  making  potassium  nitrate,  lor  mixing  with  manures  as  a  lopl 
dressing  for  land,  and  for  making  nilric  acid.     It  is  used  in  analj-sis  as  m^ 
oxidizing  agent.    A  mixture  ol  4  parts  of  sodium  nitrate  and  t  part  uf  sodium 
cnrborutie,  when  Insed  with  the  ores  of  chromium  or  manganese,  convciti 
ihem  mio  soluble  chromatcs  ur  manganates ;  so  enabling  them  to  he  caaily.1 
diiiDatcd.     The  same  mixture,  (used  with  atsenious  acid,  converts  it  inta 
•odium  .ir^niale  ;  with  sulphides  sulphates  are  formed,  and  indeed,  it  wUl  a 
on  any  mineral  capable  of  oxidation.     The  crystals  arc  not  perfect  cubes. 

POTASSIUK   NITRATE      (Svss.   JVi/re.      Saitfttrt.     ITttrale  0/  Potaiti^ 
FormDla,  ENO^.     Holecnlar  Weight,  lOL 
I«  found  native  in  ccrt.ain  soils  in  India,  in  which  it  is  doubdcss  produced! 
by  the  oxidation  of  the  nitrogenous  poitiou  of  the  decaying  vegetable  mallet 
on  the  surface  of  the  soil,  such  action  being  assisted  bylhe  powerful  xm^la 
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heat,  coupled  with  the  moisture  present  in  the  air.  Native  saltpetre  is  much 
contaminated  with  calcium  nitrate,  and  is  purified  by  dissolving  in  water  and 
adding  potassium  carbonate.  The  calcium  carbonate  formed  having  been 
allowed  to  subside,  the  clear  liquor  is  drawn  off  and  crystallized. 

Purified  nitre  is  in  white  crystalline  masses,  or  fragments  of  striated  six- 
sided  prisms,  colourless,  of  a  peculiar  saline  taste.  Thrown  on  the  fire,  it  de- 
flagrates ;  heated,  it  fuses,  gives  off  oxygen,  and  becomes  potassium  nitrite. 

Nitre  may  also  be  prepared,  on  a  large  scale,  by  mixing  sodium  nitrate  with 
potassium  chloride,  and  crystallizing  several  times  to  purify  the  product : — 

NaNOs  +  KCl  =  KNO3  +  NaCl. 

The  nitre,  being  much  less  soluble  than  the  sodium  chloride,  crystallizes 
out  first,  and  is  thus  separated.  In  France  and  some  continental  countries, 
artificial  nitre  beds  were  formerly  made  by  mixing  and  exposing  to  the  air 
heaps  of  decaying  vegetable  matters  and  lime.  The  heaps  were  watered  from 
time  to  time  with  urine,  until  a  quantity  of  calcium  nitrate  had  been  formed, 
which  was  then  treated  with  potassium  carbonate,  to  produce  nitre.  The 
crystals  found  on  the  surface  of  B.P.  extracta  are  of  two  kinds  in  general. 
If  cubes,  they  are  usually  potassium  chloride ;  but  if  needle-like,  they  probably 
consist  of  potassium  nitrate. 

Potassium  nitrate  is  not  very  deliquescent,  and  can  therefore  be  used  for 
making  gunpowder.  This  is  a  mixture  of  nitre,  sulphur,  and  charcoal,  in 
certain  proportions. 

As  all  true  gases  are  transparent,  the  opaque  smoke  given  off  when  gun- 
powder is  exploded  must  contain  a  solid  substance,  which  is  believed  to  be 
potassium  sulphate,  KgSO^ ;  and  the  gases  also  formed  are  carbonic  anhy- 
dride (COg),  nitrogen,  carbonous  oxide  (CO),  and  occasionally  a  little  sul- 
phurous anhydride  (SOg).  The  nitre,  sulphur,  and  charcoal  vary  in  amount 
in  different  countries,  and  also  according  to  the  character  desired  in  the  gun- 
powder itself;  but  a  useful  quality  may  be  produced  by  mixing  together  80 
parts  of  the  first,  'j\  of  the  second,  and  12^  parts  of  the  last  The  residue 
after  combustion  usually  consists  of  potassium  sulphate  and  carbonate. 


ABGENTIC  NITRATE     (Syns.  Nitrate  of  Silver,    Lunar  Caustic.    Lapis 
Jrtfernalis),  Formula,  AgNOj.    Molecular  Weight,  170. 

Is  prepared  by  dissolving  silver,  by  the  aid  of  a  gentle  heat,  in  dilute  nitric 
acid,  evaporating,  and  crystallizing  :  — 

3Ag3  +  SHNOs  =  6AgN03  +  2NO  +  4H2O. 

It  is  usually  met  with  in  tabular  crystals,  the  primary  form  of  which  is  the 
right  rhombic  prism,  soluble  in  distilled  water  and  in  rectified  spirit  It  is 
also  made  into  cylindrical  pencils  for  the  purpose  of  a  cautery. 

A  small  fragment  heated  on  charcoal  with  the  blowpipe,  first  melts  and 
then  deflagrates,  leaving  behind  a  dull  white  metallic  coating  (metallic  silver). 

(For  analysis  and  impuriiUs^  see  Author^ s  Analytical  Chemistry, /a^^  ioi.) 

As  commercial  silver  (such  as  would  be  at  hand  to  make  nitrate)  contains 
copper,  it  is  necessary  to  know  how  to  separate  the  one  from  the  other.  This 
may  be  done  in  a  variety  of  ways. 

I.  The  silver  coin,  or  other  alloy,  may  be  dissolved  in  nitric  acid,  and  the 
silver  precipitated  as  chloride  with  sodium  chloride.  The  precipitate,  having 
been  allowed  to  subside,  is  washed  free  from  the  copper  by  boiling  with 
water,  and  decantation.  It  is  then  reduced  to  metallic  silver,  which  is  once 
more  to  be  dissolved  in  dilute  nitric  acid,  and  crystallized.  The  reduction  of 
the  chloride  may  be  effected, — 
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d,  ODfi  stirring  with  a  zinc 
mixture  of  potassium   and    sodiilt 


(a)  By  acidulating  with  sulphuric  a 
froin  l«ad. 

(*)  By  fusing  in  a  crucible  with  ; 
carbonate. 

J.  The   coin  may  be   dissolved  in  nitric  acid,  the  green   solution 
ottbiined  evaporated  to  dryness,  and   heated  over  the  flnnie  until  red  fui 
cease  to  be  evolved.     By  this  means  the  more  readily  dccompOEcd  CU| 
nitrate  is  converted  into  insoluble  oxide,  while  the  argentic  nitrate  is 
undccom  posed. 

A  very  common  adulteration  of  argentic  nitrate  is  potassium  nitrate,  wl 
is  added  during  crystallization  This,  if  anything,  increases  the  brilli; 
appe.iraiicc  of  the  crystals,  and  cannot  be  detected  by  the  eye. 

If  a  solution  be  made  with  distilled  water,  and  all  the  silver  having  b( 
jtrecipitated  by  hydrochloric  acid,  and  filtered  out,  the  filtrate  be  evaporal 
10  (Ifyness,  a  residue  will  remain  if  nitre  was  present,  which 
with  pure  argentic  nitrate.  It  is  easy  to  prove  the  residue  to  contain  poi 
stuin  by  qualitative  analysis. 

Solution  of  argentic  nitrate  is  useful  for  detecting  the  following  : — 


Hydrates, 

Citron  lates, 

I'bospbates, 

Arsenites, 

Arseniates, 

Chlorides, 

Bromides, 

Iodides, 

Cyanides, 

Ferrocyanides, 

Ferricyanides, 


precipitate,  brown 
red    . 


do. 
do. 
do. 


ycllov 
yellow 
reddish 
curdy  while 
dirty  curdy  whiti 
curdy  yellow 
curdy  while 
white . 


orange  red .... 
Solution  of  argentic  nitrate  is  therefore  used  extensively 
of  several  of  these  radicals. 

\S€t   foiumanc  AnaJyiU  in  Aathat'i  AnklytUkl  Cbemitbf.) 


Ag,0. 

Ag,CrO,. 

AfoPO,. 

.AgjAsOj. 

-Ag.AsO.. 

AgCI, 

AgBr. 

Agl. 

AgCy. 

Ag^FeCy.. 

A&Fe,Cy„. 

I  the  estimali(d 


ABOEKT-AMMONIUM  NITRATE  (Svn.  Ammonia  NUralt  cf  Si/itff 
Pormnlie,  aKH^(NH5iAg)^N05,  *r  2Ka,.Ag»0j,. 
When  a  strong  solution  of  argentic  nitrate  saturated  with  ammoniiH 
hydrate,  and  perfectly  clear,  undergoes  spontaneous  evaporation,  this  cc 
pound  is  obtained  in  the  form  of  crystals.  It  is  useful  in  analysis  for  p 
fJucing  predpitales  with  free  arsenious  and  phosphoric  acids,  whidi,  olhcTwisg 
would  not  give  rise  to  their  neutral  argentic  salts  in  the  presence  of  the  nitrii 
acid  which  would  be  formed  from  ordinary  argentic  nitrate.  The  usui 
reagent,  employed  as  ammonie  nitratt  of  silver,  is  prepared  by  adding  vei. 
diloic  solution  of  ammonium  hydrate  to  a  strong  solution  of  argentic  nltiattv^ 
uBld  the  precipitate  at  first  produced  is  nearly  redissolvcd,  and  llien  filtering  1 


CALCniH    NITRATE    (Svns,     Nilrale  ef  Lime.     Baldwin's  Pkespherus). 
Ponnola,  Ca2N0j. 
Ii  used  in  the  prepamlion  of  potassium  nitrate.     It  occurs  as  a  white  or 
grrpsh  cftlorcscence  in  caverns  formed  in  calcareous  rocks,     The  dcstniclioi) 
of  the  plaster  and  necessity  for  frequent  renewal  of  the  whitewash  upon  the  J 
inner  side  of  walls,  is  due  to  the  formation  of  this  highly  deliquescent  salL  J 
U  it  be  desired  in  a  pure  sutc,  the  most  advisable  method  to  obtain  il,  is  to  j 
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dissolve  calcium  oxide,  hydrate,  or  carbonate  in  nitric  acid  It  can  h 
procured  in  crystals  by  careful  evaporation,  and  exposing  the '  concentrate 
solution  to  a  current  of  dry  air.  Heat  causes  these  crystals  to  fuse  an 
finally  to  become  a  dry  powder,  which,  after  being  raised  to  low  redness  an 
exposed  to  light  for  a  short  time,  is  luminous  in  the  dark  \  hence  it  receive 
its  second  synonym,  from  the  name  of  its  discoverer  (Baldwin)  and  the  wor 
phosphorus  (a  light-bearer).  By  a  long-continued  high  temperature  it  i 
totally  decomposed  into  calcium  oxide. 

STEONTIUM  NITRATE    (Syn.  Nitrate  of  Strontia).     Formula,  Sr2H0 

May  be  procured  from  strontium  sulphide  (or  the  native  carbonate 
strontianite)  by  solution  in  nitric  acid.  It  is  only  employed  in  pyrotechny 
and  (rarely)  for  producing  the  oxide.  For  the  former  purpose  it  mus 
be  rendered  perfectly  dry,  as  it  is  naturally  a  deliquescent  salt.  It  is  wel 
adapted  for  exhibiting  the  flame  reactions  of  the  metal,  being  easily  volatilize< 
in  contact  with  deoxidants  at  a  high  temperature. 

BARIUM  NITRATE  (Syn.  Nitrate  of  Baryta),     Pommla,  Ba2]!r03. 

Prepared  by  dissolving  barium  carbonate  in  nitric  acid  largely  diluted  witf 
water,  and  crystallizing.  This  salt  is  used,  instead  of  barium  chloride  as  i 
reagent  for  precipitating  sulphuric  acid  when  in  the  presence  of  silver  oi 
nitric  acid.     It  is  comparatively  slightly  soluble  in  water. 

CUPRIC  NITRATE    (Syn.  Nitrate  of  Copper),    Formula,  Cn2N03. 

Obtained  by  dissolving  copper  or  its  oxide  in  dilute  nitric  acid.  It 
crystallizes  in  pale  blue  prisms,  having  amounts  of  water  of  crystallization 
varying  from  3H2O  to  6H2O,  according  to  the  temperature  at  which  it  is 
crystallized.     It  is  decomposed  by  heat,  leaving  cupric  oxide. 

MERCUROUS  NITRATE.    Formula,  HgaSNOa-HgO. 

Prepared  by  digesting  excess  of  mercury  with  cold  dilute  nitric  acid.  It 
crystallizes  in  colourless,  efflorescent,  crystalline  plates.  It  is  not  perfectly 
soluble  in  water,  owing  to  its  tendency  to  form  basic  salts ;  but  a  drop  of 
nitric  acid  added  ensures  a  clear  solution.  It  is  used  in  analysis,  as  being 
the  only  common  soluble  salt  of  mercury  in  the  mercurous  state.  When 
heated  it  gives  off  NOg,  and  leaves  hydrargyri  oxidum  rubrum,  HgO. 

It  is  not  in  the  B.P.,  but  is  produced  in  making  the  red  oxide.  {See 
Mercuric  Oxide.) 

MERCURIC  NITRATE.    Formula,  Hg2N03.    Molecular  Weight,  324. 

Prepared  by  dissolving  mercury  in  nitric  acid  of  about  half  B.P.  strength. 

3Hg  +  8HN03  =  3Hg2N03  +  2NO  +  4H20. 

The  solution  is  effected  in  the  cold,  but  it  is  afterwards  boiled  to  expel  the 
excess  of  nitric  oxide,  and  to  ensure  the  formation  of  mercuric  nitrate. 

Liquor  hydrargyri  nitratis  is  a  colourless  and  strongly  acid  solution  of 
mercuric  nitrate.     Specific  gravity,  2*246. 

{For  analysis,  set  Author's  Analytical  Chemistry, /a^^  102.) 

Unguentum  hydrargyri  nitratis  also  contains  mercuric  nitrate,  being 
formed  by  causing  lard  and  olive  oil  to  be  heated  with  a  strongly  acid  solu- 
tion of  that  salt  till  the  whole  froths  up. 


The  froihing  is  caused  by  the  liberation  of  carbonous  and  nitric  oxides 
owinj;  to  iho  action  of  the  NOj  on  the  oleine  of  the  fats,  a  portion  of  which 
U  changed  lo  tlaijine,  a  fat  isomeric  with  oleine,  though  differing  in 
(iropertiev  A  red  oil  is  formed  at  llie  same  time,  whiqh  colours  tlie  C 
mt9)t ;  and  it  is  a  c|uestion  whether  a  basic  nitiale  of  a  yellow  colour,  a 
having  the  formula  Hg(0,.4NOj,  be  not  frequently  produced  if  the  at 
evaporate  tog  rapidly,  although  a  large  excess  of  acid  is  purposely  tised  ^ 
prevent  reduction  as  much  as  possible.  Steel  knives  should  never  be  u 
with  this  ointment. 

Thcie  are  several  bodies  which  are  regarded  as  mercuric  oxynitratcs,  TM 
mercuric  tri-oxy nitrate  has  the  formula,  HgaN,.07  or  HggNoOji,  which  m^ 
be  written  (I!gjO)a6NO,  or  3Hg0.3Hg(N03)5. "  The  mercuric  teit-oxynitral 
b  found  to  possess  tnc  empirical  composition,  Hg^NgOo  or  HgiN^C^ 
whicli  is  rationally  regarded  as  4Hg0.iHg(NOj)j.  The  s^t  approximatla 
most  to  thp  pure  oxide  is  hexa-metcuric  oxyniirate,  Hg^NjO,,,  othcrwi' 
5HgO.Hg(N0,),. 

All  three  may    be  readily  obtained  from  mercuric  nitrate  :    the  first   I 
evjiporatinK  a  solution  of  that  body  rapidly  [  the  second  results  from  agitatitt 
the  lalt  obtained  with  cold  water,  and  the  third  by  boiling  the  last-mentionoJ 
product  with  water.     Mercuric  tri-oxynitrate,  which  may  also  be  termed  I 
acconlance  with  its  first  formula  di-merciiric  oxynitratc,  may  be  procured  fj 
white  crystals,  which  are  sometimes  transparent,  but  readily  become  opaquffi 
Mercuric  telr-oxy nitrate  (tri  mercuric  oxynitrate)   is  a  yellow   pornlcr,    anij 
hcxamerairic  oxynitrate  is  "  brick-red  "  in  colour.     These  formiilee  may  m3 
icmcmbered  with  ease  (if  the  simplest  arc  supposed  lo  be  correct),  by  thcll 
&CI  that  the  first  contains  one  molecule,  the  second  two,  and  the  third  fivtfr 
molecules  of  mercuric  o.xide  united  to  one  of  mercuric  nitrate. 

FESBIC  NITRATE     (Svns.    PmiHrafe  of  Iron.    NUrait  of  Iron.    Ifitr\ 
of  PeroxiJe  of  Iron).    Fonntda,  FejeNOj. 

This  l>ody  is  readily  produced  by  the  solution  of  mctoUic  iron  in  dilute 
nliric  acid,  the  reaction  being  :— 

Fcj  +  SHNOj  =  Fe36NOs+2N0  +  4H,O. 

Lipter  I'frri  /'frmtra/is,B.P.,  is  a  clear  reddish-brown  solution,, having  4 
specific  gravity  of  1107.  It  is  made  by  simply  steeping  iron  wire  in  v» 
mlatc  cold  nitric  acid  until  dissolved.  The  object  of  using  the  acid  cold,  ia  | 
Anid  fumes  during  the  operation. 

{/■or  aimfyiii,  sa  AutHsrs  Ixaljtlebl  CbsmlMjy.  /^gt  101.) 

Ferric  nitrate  may  also  be  prepared  by  acting  upon  ferric  oxide  (or  hydratCJ 
iritb  nitric  acid,  It  may  be  obtained  in  crystals,  which  are  sometimes  almoi 
l>urc  white,  but  at  other  times  possess  a  bluish  tint,  by  adding  strong  nitti 
moii  to  a  concentrated  solution  of  the  salt.  By  rapidly  evaporating  water, 
Icrnc  nitrate,  a  basic  or  oxy-salt  is  formed,  and  the  same  result  takes  plao^ta 
when  ferric  hydrate  is  added.     The  oxynitrates  are  soluble  iu  water. 

00BALT0D8  NITRATE    (Svn.   NUrate  of  Cobalt).    Formula,  Co2NO,. 

Is  readily  formed  irom  the  hydrate  or  oxide  by  solution  in  nitric  acid-  In 
b  coniiuonly  employed  as  an  ink  termed  sympathdic,  which,  from  being  palei 
pink  and  almost  invisible  when  cold,  becomes  a  deep  blue  un  warming.  In 
IS  valu.ilile  in  analysis  as  a  blowpipe  test,  ns  it  imparts  a  strong  blue  colour  V 
aluminium  oxide  when  a  very  small  quantity  is  placed  upon  a  solid  suspecte 
cuniAJn  aluminium,  and  healed  before  the  blowpipe.     It  also  lints  ttB 


Bander  B^3>r  ^uxaatanexa,  bat  in  ikisate  thecoloarts  green. 
pipe  bead  of  tesK.  or  «uTwm«r  «d;  be  afwynwd  whb  this  (oi 
r  oobali  tab},  it  jriddt  on  nbeaiiag  a.  da^  bike,  ^xay-  sabstancc. 

BISinmODB  nXXATX  <Srs.  IfyraUifBum^tk).    raunla,  Bi3N0 
Prq^red  bjr  diaolnng  Usnaih  to  sli^ulj-  <Gbtted  ciak:  aciJ  by  ihe  aid  of 

boi; — 

Hi  +  SHNO,  =  aBi5NO.  +  aSO*4H,0. 
Wboi  the  lofaition  tlins  obuined  is  pouml  tnta  mist,  a  piecipiute  ot 

booiuibocu  oxjnitme  b  prodoced.  ^^ 

BI8XUTH01T8    OZTHTTBATE      'St->-5.     BismtiUrfi    Nitrate.     Bitmi^^L 

Prepvwl  by  pcniriag  a  tolutioa  of  faicmtAoos  nitrate  into  water.  ^| 

Bi3NO,*H,0  =  BiOXO,-.-jHXOj.  H 

In  practice,  bowevCT.  the  mtrale  is  not  cotnptetdy  decomposed,  a  poitu^^l 

remaiaing  diMolved  by  the  nitiic  ^idii  produced : —  *  mi^h 

SBijNO,  *  8H,0  =  4(BiONOyHjO)  *  BisNO,  +  SHNO^  ^| 

Tbe  B.F.  bismulhi  si^iutras  is  a  heavy  white  powder  in  tninule   crntaUi^^l 

Kales,  bbdccncd  by  sulphoretted  hydri^en  (fonning  bisniutbous  sulpbkb^^l 

iosoJuble  in  w^tcr,  but  soluble  in  nitric  add  mixed  with  half  its   volume  ^H 

()i*tifled  water,  forming  a  solution  which,  poured  into  water,  gi\-es  a  white  pi^^l 

K:  {characteristic  prectpiuie  of  BiONOj).    It  is  turned  yellow  by  heat  ql^| 
ing  with  an  alkaline  hydrate,  being  converted  into  the  oxide.  ^^| 

{For  anafyjii,  srt  Aulllor'i  Asalytieal  Cbamiitrj,  fagi  \oi. )  ^^| 

ven  the  so-called  purified  metallic  bismuth  often  contains  arsenic^  it  i^H 
lie  to  get  rid  of  that  dangerous  body.  This  is  done  by  crystallizins  tM^| 
citrate,  and  using  the  aystals  only  for  making  oiynitrate.  When  the  bismu^^l 
is  dissolved  in  nitric  acid,  the  arsenic  contained  in  it  is  changed  into  arseni^^l 
add,  which,  being  very  soluble,  remains  in  solution  when  the  bismutbou^^l 
nitrate  is  crystallized  ouL  This  is  the  usual  commercial  process,  as  only  tb^^l 
exact  quantity  of  water  requires  to  be  added,  and  so  much  filtration,  &t  ^^| 
saved.  ^^H 

Theoretically,  bismuthous  oxynitrate  is  viewed  as  being  a  nitrate  of  th^^l 
monad  bas)'Ious  radical  bismuthyl,  BiO,  ""^^^H 

PLTTMBIC  NITRATE    (Svns.  Nitrate  0/  Lead.  Plumbi  mtms).     Fonaii1&.^l 
PbaNO^.  """M 

May  be  prepared  : —  ^H 

I.  By  dissolving  litharge  in  dilute  nitric  acid.  ^H 

PbO  +  aHNOg  =  PbaNOa  +  HjO.  H 

By  boiling  red  lead  with  dilute  nitric  acid,  filtering,  and  crystallizing,  ^| 

PbjOi  +  4HN03  =  aPbiNOg'+PljOii  +  aHjO.  H 

3.  By  dissolving  lead  in  dilute  nitric  acid  by  the  aid  of  heat.  ^| 

Pbj  +  8HNO3  =  ^PbaNOj  4  2NO  +  4HjO.  H 

It  is  met  with  in  colourless  octahedral  crystals,  which  are  nearly  opaque,  ^| 

permanent  in  the  air,  of  a  sweetish  astringent  taste,  and  soluble  both  in  water  ^| 

and  alcohol     Healed,  it  evolves  N^O,,  and  leaves  plumbic  oxide.  ^| 

{Fer  analysis,  set  Author's  AnalftiOkl  Chiniilitrj,/^pr  103.)  ^^| 


NITROGEA    WITH  HALOGENS  AND  CARBON. 


COMPOUNDS  OF  NITROGEN  WITH    THE    HALOGENS.  I 
HITBOaEH  CHLORIDE  (Svn.  Chloride  of  Nifrosen).    Formnla,  KCL,.  I 

Obtained  by  the  action  o(  an  excess  of  chlorine  upon  ammoaia  gas,  or  am- 1 

monium  hydrate,  or  an  animoniacal  salt     Also  by  the  action  of  the  last-namett-l 

upon  hypochlorous  acid.  I 

4NH,HO  +  3Cls  -  NClj  +  3NH4Cl  +  4HsO,  I 

In  the  last  case,  the  action  would  be  r^  I 

NH.Cl  +  3HCIO  =  NClj  +  HCl  +  3H5O.  1 

NitT^en  chloride  is  a  fearfully  explosive,  oily,  yellow  liquid,  which  must  be 
prepared  in  a  small  leaden  cup,  and  with  every  part  of  ihe  apparatus  perfectly 
free  Iron)  grease.  It  has  a  peculiar  sharp  odour,  is  volatile,  and  is  instantly 
decomposed  by  turpentine,  phosphorus,  and  oily  bodies,  also  by  heat.  If 
exploded  in  an  iron  or  glass  vessel,  it  reduces  it  to  fragments. 

irrrSOOEN  BBOUIDE.    Formula,  lITBr,.  | 

Formed  from  nitrogen  chloride  and  potassium  bromide.  Is  a  (hick,  reddish*  f 
brown,  very  volatile  liquiil,  resembling  (he  chloride  as  regards  odour,  and  I 
readiness  of  decomposition  with  phosphorus  ;  and,  like  that  body,  being  only  I 
of  tbeoTtjtical  interest.  1 

imBOGEN  IODIDE.    Formola,  HI3.  J 

Is  produced  when  finely- powdered  iodine  is  dropped  into  ammonium  hydrate.  I 
A.  brown  liquid  is  produced,  consisting  of  a  solution  of  iodine  in  hydrogen  I 
iodide,  and  the  nitrogen  iodide  is  deposited  as  a  black  powder,  which,  when  1 
dry,  explodes  violently  even  when  touched  by  a  feather,  and  often  without  I 
a|>parent  cause.  The  real  com])osition  of  this  powder  has  been  variously  I 
Stated  to  be  NHIj  and  NHIj.NHj,;  but  it  is  probably  not  a  constant  com-  I 
pound,  which  accounts  for  the  conflicting  analyses  which  have  been  given.         I 

COMPOUNDS  OF  NITROGEN  WITH  CARBON.  I 

Many  of  these  are  exceedingly  complicated,  and  will  be  treated  of  hereafter ;  I 
but  the  following  are  to  be  studied  at  this  stage  :—  1 

CTAKOGEN.     Pormtda,  in  the  free  stale,  (CN)j.     Molecular  Weight,  w  ilii\ 

free  slate,  62.     Density,  referred  to  Hydrogen,  25-5.     Density,  referred  to  J 

Air,  181.  1 

A  chemico-historical  interest  attaches  to  cyanogen,  as  it  was  the  first  com-    ' 

rod  radical  whose  existence  was  definitely  ascertained.     Its  isolation  was 
to  Gay  Lussac,  about  thirty  years  after  Scheele's  original  discovery  in  1782. 
It  is  a  colourless  gas,  with  a  decided  odour  similar  to  that  of  bitter  almonds. 
It  can  be  liquefied  by  a  pressure  of  3-6  atmospheres  at  45°  F.,  and  can  be 
solidified  by  a  temperature  of  90  degrees  below  0°  F.     It  bums  witli  a  peaeA-  I 
bUtt^m  toloured flame,  producing  nitrogen  and  carbonic  anhydride,  thus  : —        I 
(CN)a         20.     .     iCOg  Nj.  1 

2  vols.       4  vols.  "'   4  vols.        2  vols. 
That  is,  one  gallon  of  cyanogen  mixed  with  two  gallons  of  oxygen,  and 
exploded,  would  yield  two  gallons  of  COg  and  one  gallon  of  nitrogen. 


.VITROGE.V. 

It  is  prepared  by  heating  mercuric  or  aigentic  cyanida     These  substances 
e  decomposed  by  heat,  evolving  cyanogen,  and  leaving  the  metal,  which,  in 
Jihe  case  of  mercuiy,  sublimes  with  a  liltie  unaltered  cyanide  :— 
aHg(CN)j  =  Hg,+  2(CNV 
Cyanogen,  although  truly  CN,  is  usually  represented  by  the  symbol  Cy.  be- 
^eause  il  behaves  in  every  respect  like  an  element,  and  to  use  such  a  symbol 
laves  complication  of  tlie  formula.     For  instance,  it  b  easier  to  write  Cy^  and 
remember  that  It  stands  for  6  limes  CN,  than  to  write  aiways  CgN,.     In  futort, 
therefore,  Cy  will  stand  for  CN. 


METALLIC  CYANIDES. 

^  HYDROGEN  CYAMIDE  (Svns,  Hydrocyanic  Acid.  PrussU  Aat/). 
Formula,  HCy.  Molecnlar  Weight,  27. 
Exists  ready  formed  in  the  juice  of  the  bitter  Mssava,  and  is  also  formecl 
.  when  bitter  almonds  are  nibbed  with  water,  and  when  the  leaves  of  the  Prunus 
Ljaumrtaius  are  distilled  with  water.  It  may  be  simply  prepared  by  mixii^ 
Is  solution  of  potassium  cyanide  with  a  slight  excess  of  tartaric  acid,  when 

■  potassium  acid  tartrate  deposits,  and  hydrocyanic  acid  remains  in  solution  : 

KCy+HjC^H,0(  =  HCy+KHC,H^Oa. 

I  Procured  in  this  way,  the  acid  is  not  quite  pure  ;  but  the  process  is  usefal  (o 

Rtilc  pharmacist  on  an  emergency,  as  yielding  in  a  few  minutes  an  acid  of  nearly 

pthe  requisite  strength.     This  may  be  extemporized  by  using  loo  grains  oTur- 

taric  acid,  44  grains  of  potassium  cyanide,  and  a  fluid  ounces  of  water.     Shake 

violently,  set  aside  to  settle,  and  then  draw  off  the  clear  liquid.     The  proper 

H.P.  way  of  preparing  the  acid  is,  by  distilling  potassium  ferrocyanide  with 

sulphuric  acid  very  largely  diluted  with  water.     The  action  is  as  follows  (.Yie- 

'  presenting  an  indefinitely  large  quantity  of  water) : — *  -.^™ 

sKjFeCy,  +  611.50^  +  *H,0  =  6HCy  +  6KHS0.  +  KjFeaCys  + 
I  It  is  important  that  the  acid  should  be  very  dilute,  because  tolerably  e 
sulphuric  acid  will  entirely  decompose  potassium  ferrocyanide,  fonningfer 
potassium,  and  ammonium  sulphates  (the  latter  from  the  nitrogen  of  the  C 
and  evolving  carbonous  oxide,  thus : — 

K^FeCyj  +  eHgSO^  +  eHjO  =  aKjSOj  +  FeSO.  +  sCNHJjSO^  +  ecaJ 
To  practically  make  the  B.P.  acidiim  hydrocyanicum  dilulum,  place! 
ounces  of  potassium  ferrocyanide,  dissolved  in  14  ounces  of  water  and  i  ' 
lated  with  an  ounce  of  sulphuric  acid,  into  a  retort  connected  with  a 
cooled  condenser,  the  beak  of  which  dips  under  the  surface  of  8  ounct,^ 
water  placed  in  a  receiver,  also  kept  cool.  Distil  the  whole  slowly,  untflV 
ounces  in  all  have  collected  in  the  receiver.  Lastly,  dilute  the  acid  thus  | 
duced  until  it  shows  a  strength  of  a  percent  of  real  HCN,  /.i;.  until  100  g 
(1 10  minims)  of  it  precipitated  with  excess  of  argentic  nitrate,  and  the  1 
pitate  collected,  washed,  dried,  and  weighed,  shall  show  ten  grains  ^\ 
argentic  cyanide  ;  or  until  270  grains  of  it,  rendered  alkaline  by  the  add'' 
of  solution  of  sodium  hydrate,  require  1000  grain-measures  of  the  voluni 
solution  of  argentic  nitrate  to  be  added  belore  a  permanent  precipitate  b 
to  form. 

'     '     'i  AoBlytical  ChomutrT./nir  756.) 

□  and  potassiuR),  called,  > 


HYDROCYANIC  ACID.  177 

Thus  made,  the  acid  is  1  colourless  liquid  with  a  peculiar  odour.  Specific 
gravity  o'997.  It  only  slightly  and  transiently  reddens  litmus  paper.  Treated 
with  a  minute  quantity  of  a  mixed  solution  of  ferrous  and  ferric  sulphates, 
afterwards  with  potassium  hydrate,  and  finally  acidulated  with  hydrochloric 
acid,  it  forms  Prussian  blue. 

SiMetU's prussu acid '\s  stronger  than  the  B.P.,  and  contains  5  percent,  real 
hydrogen  cyanide. 

(Far  anatyiis,  sti  Author's  Analytical  ChemiitTf,  pagi  103.) 

Hydrocyanic  acid  decomposes  slowiy.when  kept  in  the  dark,  but  very  rapidly 
ID  the  light     In  the  case  of  the  dilute  acid  of  the  B.P.,  this  decomposition  is 
attended  with  the  formation  of  ammonium  formate  : — 
HCN+sH^O  =  NHjCHOj; 
.  4  deposit  of  a  peculiar  brown  substance  being  thrown  down  at  the  same  time. 

Pure  hydrogett  cyanide  is  prepared  by  passing  chlorine  over  dry  mercuric 
cyanide.  It  is  a  colourless  and  volatile  liquid,  boiUng  at  79°  Fahr.,  and  soli- 
difying when  cooled  to  0°  Fahr.  It  dissolves  in  water  and  alcohol  in  all 
proportions.  In  a  slate  of  vapour  it  yields,  when  exploded  with  excess  of 
oxygen,  carbonic  anhydride,  nitrogen,  and  water,  thus  : — 
aHCN  +  sO  =  1CO5  +  HjO  +  Nj. 
4  vols.     5  vols.    4  vols.  2  vols. 

Or,  reducing  the  whole  to  the  simplest  ratio,  a  gallons  of  vapour  require  2j 
|;allons  of  oxygen,  and  yield  2  gallons  COj  +  i  gaUon  nitrogen.  The  remain- 
tng  half-gallon  of  oxygen  forming  water  with  the  hydrogen  of  the  acid.  By 
tfic  action  of  hydrochloric  or  sulphuric  acid,  hydrocyanic  acid  is  decomposed 
into  formic  acid  and  ammonia,  but  minute  traces  of  either  of  them  tend  to 
presdre  the  dilute  acid  from  decomposition.  On  the  other  hand,  by  heating 
ammonium  formate  to  39*°  Fahr.,  we  obtain  hydrocyanic  acid  and  water. 

CyuK^en  combines  with  metals  to  form  cyanides,  of  which  it  is  the  acidu- 
lous raiiical,  acting  as  a  monad. 

Qpuiides  give  reactions  similar  to  hydrocyanic  add.  They  are  all  decom- 
posed by  lieating  with  water.  In  the  case  of  aikaiine  cyanides,  ammonia  and 
fomaie  of  the  alkalies  are  produced  : — 

KCN-f-aHgO  -  KCHOa  +  NH,. 
But  with  those  of  heavy  metals,  carbonic  anhydride,  carbonous  oxide,  and 
unmcnia  are  given  off,  and  the  metal    is    deposited  with  a  little   carbon. 
Alkaline  cyanides  heated  in  the  air  first  yield  cyanates  ; — 

KCN  +  0  =  KCNO, 
and  then  give  off  nitrogen  and  carbonic  anhydride,  leaving  carbonates  of  the 
aOtali:— 

2KCNO-^03  =  KoCOj-fNj-i-COi. 

(/iv  ditedion  of  Hydrocyanic  Acid  and  icfaraiian  of  Cyanide,  sit  Aulhot'i  A]l*l]rtla*l 
Chaailrtry.  fiaga  63,  64,  nad  65.) 

An  immense  number  of  cyanides  of  organic  basytous  radicals  exist,  and 
they  are  a  most  interesting  class  of  bodies.  At  present,  however,  we  will  only 
toach  00  a  few  metallic  cyanides,  merely  noting  that  the  organic  salts  above 
referred  to  are  sometimes  called  asoparaffins,  or  nitrils,  being  viewed  in  the 
fonner  case  as  compounds  derived  from  hydrocarbons  by  the  displacement 
of  three  atoms  of  hydrogen  by  one  of  nitrogen,  or  in  the  latter  as  compounds 
of  nitrogen  with  triad  radicals.  Thus,  hydrogen  cyanide,  HCN,  may  be 
caUed:— 

Azomcthane  CHN  {from  methane  CHJ. 

«■  Mcthenvl  Nitril       (CH)"'N"' ;  from  the  triad  Methenyl  (CH)'". 
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POTASSIUK  CTANIDE.    Formnla,  ECN  =  EC7. 
Prepared, — 

I.  directly  by  synthesis,  by  passing  nitrogen  over  a  mixture  of  pota. 
hydrate  and  charcoal  heated  to  redness. 

t.  By  heating  potassium  ferrocyanide  to  redness  in  a  closed  vessel,  for 
a  carbide  of  iron,  and  evolving  nitrogen  ; — 

K,FeCgNj  or  KjFeCy,  =  4KCy  +  FeC,  +  N^ 
3.  By  fiising  potassium  ferrocyanide  with  potassium  carbonate,  forming 
[  potassium  cyanate  and  iron,  evolving  carbonic  anhydride : — 

2K,FeCyfl  +  iKjCOj  =  loKCy  +  aKCyO  +  Fej  4-  aCO^ 
This  is  the  commercial  process,  and  yields  a  sufficiently  pure  product  for  the 
purposes  to  which  Ihis  salt  is  applied  in  the  arts.  Potassium  cyanide  is  usuftUf 
seen  in  opaque,  white,  broken,  flat  lumps.  It  is  alkaline  to  test'paper,  rerjr 
poisonous,  and  smells  strongly  of  prussic  acid.  It  is  commonly  very  deliques- 
cent, and  is  used  in  photography  for  dissolving  the  unaltered  argentic  iodide 
or  bromide  from  the  plates,  and  so  fixing  the  portrait  by  removing  all  9  ' 
I  stances  capable  of  being  acted  upon  by  light. 

HEBCURIC  CTAITIDE.    Formula,  HgC;^. 

Is  prepared  by  boiling  potassium  ferrocyanide  with  mercuric  sulphate,  ■ 
filtering  hot.  The  salt  crystallizes  from  this  solution  in  white  prisms  resemiir 
mercuric  chloride  in  appearance,  and  is  soluble   n  water  and  alcohol, 
soluticoi  is  not  ptecipitable  by  alkalies. 


ABOEKTIC  CTAXTIDE.    Formnla,  AgCy. 

Is  precipitated  when  argentic  nitrate  is  added  to  hydrocyanic  acid.  It^ 
curdy-white  substance,  readily  blackened  by  exposure  to  the  light,  and  Si 
both  in  ammonium  hydrate  and  in  strong  boiling  nitric  acid.  In  preset 
'  an  excess  of  potassium  or  sodium  hydrate  it  is  converted  into  a  soluble  doublft 
h  cyanide,  whidh  explains  the  fact,  that,  in  the  volumetric  test  for  the  strength  ol 
hydrocyanic  acid  above  mentioned,  when  the  silver  solution  is  first  added 
to  the  cyanide,  no  precipitate  is  produced,  owing  to  the  formation  of  a  sotai 
double  cyanide  of  silver  and  sodium  : — 

sNaCy  +  AgNOj  =  AgCy.NaCy  +  NaNOy 
On  continuing  to  add  the  silver,  a  time  arrives  when,  the  double  comp< 
having  been  fully  formed,  it  is  in  turn  decomposed  by  excess  of  silver,  : 
white  cloud  of  argentic  cyanide  is  produced  ; — 

AgCy.NaCy  +  AgNO^  =  aAgCy  +  NaNOg. 

At  the  moment,  therefore,  when  the  precipitate  appears,  sufficient  silVer  jj 

been  added  to  combine  with  one  half  cf  the  cyanogen  present  in  the  sample,  t^ 

shown  by  the  formula,  AgCy.NaCy.  .^ 

This  reaction  is  taken  advantage  of  to  determine  volumetrically  the  strea 

of  a  sample  of  hydrocyanic  acid. 

[Sie  Author's  Analytical  Chemlitrj.^iT  156,) 
The  other  cyanides  are  not  of  pharmaceutical  importance. 
Besides  the  simple  cyanides,  the  radical  cyanogen  has  a  great  tender 
form  double  salts,  containing  two  metals,  and  not  only  so,  but  to  com 
with  a  portion  of  the  heavy  metal,  and  form  a  new  radical,  itself  capaUs] 


METALLIC  FEIiROCYANIDES. 
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uniting  with  hydrogen  to  form  an  acid,  which  can  in  its  turn  produce  salts. 
Thus,  ferrous  cyanide  and  potassium  hydrate  yield  potassium  ferrocyanide  : — 

3FeCya  +  4KHO  =  K^FeCyg  + al-eaHO. 
Here  part  of  the  Fe  combines  with  the  cyanogen  to  form  a  new  acidulous 
ladical  called  feriooyanogeii,  FeCy^,  which  acts  as  a  tetrad,  and  unites  with 
foar  atoms  of  the  monad  potassium  to  form  a  definite  salt  (potassium  ferro-  ' 
c]riir)ide). 


METALLIC    FERROCYANIDES. 

HYDiWGEH  FERaOCYAMDE  (Svn.  Hydro-Ferrocyanic  Acid). 
Formula,  H^FeCyu. 
Prepared  by  mixing  potassium  ferrocyanide  with  an  acid,  such  as  hydro- 
cblork  or  tartaric.     As  thus  produced,  in  solution,  it  rapidly  decomposes  in 
1  with  the  air,  foTiiiing  hydrocyanic  acid  and  Prussian  blue. 


POTASSruU  FEREOCtANIDE  (Svn.  YeU<m  PrussiaU  of  Potash). 
Formula,  K.FeCy^-^  KjFeC^Ng. 

This  salt,  which  is  not  poisonous,  is  prepared  on  the  industrial  scale  b^  fusing 
hoofel,  homs,  hair,  and  other  nitrogenous  organic  matters,  in  a  closed  iron  pot 
wiih  potassium  carbonate  and  iron  filings.  The  action  is  oneof  puresynthe<5is, 
fc«,  ihese  nitrogenous  bodies  produce  the  nitrogen  and  carbon,  which  combine 
with  the  [lotassium  and  form  potassium  cyanide.  On  treating  the  mass  with 
hoi  water,  the  cyanide  is  attacked  by  the  oxide  or  sulphide  of  iron  (the  latter 
produced  from  the  reduction  of  the  sulphates  existing  in  the  crude  pearl.ish 
ttsed  and  in  the  animal  matters),  and  converted  into  ferrocyanide.  The  boil- 
tog  with  water  while  still  in  the  iron  pot  is  an  important  and  indispensable 
stage  of  the  process.  After  filtering  from  the  aaimal  charcoal  also  produced, 
the  solution  yields  crystals,  having  the  formula,  K^FeCygjHjO.  They  are 
large  yellow  crystals,  permanent  in  the  air,  if  not  exposed  to  too  direct  light, 
soluble  in  four  parts  of  cold  and  two  parts  of  boiling  water,  and  insoluble  in 
alcohol.  Healed  in  a  closed  vessel,  they  yield  potassium  cyanide  and  ferrous 
caitude;  and  in  an  open  vessel  (wiassium  cyanale  is  also  formed. 

A  new  process  for  making  potassium  ferrocyanide  consists  in  shaking  up 
caibOD  disulphide  with  ammonium  sulphide,  which  forms  ammonium  thiocar- 


CS,  +  {NHj)aS=  (NHJjCS,. 

This  product,  heated  with  potassium  sulphide,  yields  potassium  thiocyanate : — 

j(NH.),CS,  +  K,S=  2KCNS  +  aNH,HS  +  3H^. 

Lastly,  by  dtj'ing  the  thiocyanate,  and  heating  it  with  iron,  we  obtab — 

6KCNS  +  3Fe,  =  K,FeC,N,  + 5FcS+ KjS. 
This  process  is  not  yel  carried  out  on  any  very  large  scale. 
Exposed  for  a  long  time  to  the  air  and  strong  light,  iK-tassium  lerrocyanidc 
deconposes  on  the  surface,  giving  off  prussic  acid  and  becoming  coated  with 
Pnmian  blue.  By  mixing  potassium  ferrocyanide  with  soluble  salts  of  other 
ineUls  their  fcrrocyanidcs  arc  produced  by  double  decomposition.  These 
icftctioos  are  very  valuable  in  analysis,  because  nearly  all  the  fcrrocyanidcs 
of  heavy  metals  form  insoluble  and  highly  characteri.stic  precipitates.  The 
(btlowing  is  a  list  of  some  of  the  chief  precipitates  thus  fonned :  — 
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BeactionB  of  Potassium  I^errocyanide. 

Name  of  Metal.  Colour  of  Precipitate  with  Potassium 

Ferrocyanidb. 


Copper 


Iron  (ferrous) 
Iron  (ferric) 
Lead        .  . 
Magnesium 
Mercury  . 
Silver 
Zinc 


Reddish-brown  (chocolate). 


White,  instantly  changing  to  pale  blue. 
Dark  blue. 
White. 

No  effect  in  a  fairly  dilute  condition. 
White. 

White,  gelatinous,  soluble  in  ammonium  hydrate. 
Ditto  ditto. 

These  effects  are  only  produced  in  slightly  acid  or  perfectly  neutral  solu- 
tions.    The  two  precipitates  with  iron  deserve  a  special  notice. 


POTASSIUM  7ERR0IJS  FERBOCTAlflDE.  Formula,  X^TtlFeCj^  =  lKJ?efiy^. 

Produced  when  a  solution  of  potassium  ferrocyanide  is  mixed  with  a  ferrous 
salt  *~~ 

K^FeCyg  +  FeSO^  =  K^Ye^Cy^  +  KJSO4. 

It  is  also  a  bye-product  in  the  manufacture  of  hydrocyanic  acid.  In  itself 
it  is  white,  but  it  instantly  turns  blue  in  contact  with  the  air.  It  is  insoluble 
in  hydrochloric  acid  but  destroyed  by  alkalies. 

FERRIC  FERROCTAKIDE  (Syn.  Prussian  Blue).     Formula,  (Jt^^Zttfij^ 

Produced  by  adding  a  solution  of  potassium  ferrocyanide  to  that  of  a 
ferric  salt : — 

sK^FeCy^  +  2Fe2Clg  =  .(Fe8)23FeCy<,+  i2Ka. 

It  is  not  soluble  in  hydrochloric  acid ;  but  alkalies  turn  it  brown,  ferric 
hydrate  being  deposited,  and  ferrocyanide  of  the  alkalies  re-formed : — 

(Fe3)23FeCy<,  -h  1 2KHO  =  3(K4FeCye)  +  2Fe26HO. 

It  is  upon  the  formation  of  Pmssian  blue  that  Sched^s  test  for  hydrocyanic 
acid,  by  first  adding  potassium  hydrate  then  a  mixture  of  a  ferrous  and  a 
ferric  salt,  and  finally  acidulating  with  hydrochloric  acid,  is  based. 

The  explanation  of  the  test  is  as  follows  (according  to  Gerhard t's  view) : — 

1.  The  hydrocyanic  acid  and  the  potassium  hydrate  form  potassium 
cyanide. 

2.  The  addition  of  the  ferrous  salt  produces  ferrous  cyanide. 

3.  This  reacting  with  the  excess  of  alkali  forms  potassium  ferrocyanide. 

4-  On  the  addition  of  the  ferric  salt,  it  is  at  first  precipitated  by  the 
excess  of  alkali,  as  ferric  hydrate,  which  on  acidulation  dissolves  to  ferric 
chloride,  forming  ferric  ferrocyanide  (Prussian  blue)  : — 

1.  6HCy  +  6KHO  =  eKCy  +  eHgO. 

2.  6KCy  +  3FeClj  =  3FeCy2  +  6KCL 

3-  3FeCy2  +  4KHO  =  K^FeCyg  +  2Fe2HO. 

4.  3K4FeCye  +  2Fe2Cl6  =  (Fe2)23FeCyg+ 12KCI. 

Or  the  whole  may  be  shown  in  one  equation,  thus,  which  is  quite 
sufficient : — 

i8KCy  +  3FeCl2  +  2Fe8Cl«  =  (Fe2)23FeCye+ 18KCL 

(/#r  deUcHon  of  Ferrocyanida^  set  Author's  Aaalytioal  Chemistxy,  page  66.)      • 


.^fETALUC  FERRICYANIDES. 


iSl  1 


METALLIC  FERRICYANIDES. 
PBERICTAHOOEN.     Pomula,  FeaCjij. 

This  is  a  radical  similar  lo  the  last  studied,  but  differing  from  H  inasmuch  I 
as  the  cyanogen  is  combined  with  ferric  instead  of  ferrous  iron,  and  the  whole  ] 
r^ical  acts  as  a  hexad  in  forming  salts  with  metals. 

HTDEOQEN    FEERICTiNIDE  (Svn.  ffydroferricyank  Add). 
Formula,  H^FCgCyu. 
Cannot  be  prepared  lite  hydrogen  ferrocyanide,  but  may  be  by  the  action 
of  sulphuretted  hydrogen  on  plumbic  ferricyanide. 


POTA88IUH:  FERRICyAKIDE  (Svn.  Red  PfussuUe  of  Potash). 
Formula,  K^Fe^Cyij. 
Prepared  by  passing  chlorine  gas  through  a  dilute  and  cold  solution  of  1 
potsssium  ferrocyanide,  forming  at  the  same  time  potassium  chloride : — 
iK.FeCy,  +  CI,  =  K„FeXyij  + iKCl. 
Although  not  shown  in  the  equation,  there  is  no  doubt  that  the  chlorine 
aho  assists  to  convert  the  iron  in  the  radical  from  the  ferrous  to  the  ferric 
Male,  as  during  the  process  a  ferric  compound  is  precipitated  ;  and  tlie  finish 
is  indicated  when  this  ceases  to  form.     Potassium  ferricyanide  crystalii/ed 
fracD  this  solution  is  in  ruby-red  prismatic  crystals,  soluble  in  4  parts  of  waler, 
foniung  a  dark  greenish-yellow  solution.       Excess  of  chlorine   decomposes 
them,  as  also  do  reducing  agents  such  as  H,S,  elc.     Solutions  of  ferricyanitle  ] 
for  use  in  analysis  should  be  freshly  made,  as  by  exposure  to  the  light  it 
decomposes,  being  reconverted  into  ferrocyanide  with  a  deposit  of  Prussian   , 
blue.     Potassium  ferricyanide  is  much  employed  in  analysis,  owing  to  its 
ferming  insoluble  ferricyanides  on  adding  it  to  solutions  of   many  heavy  { 
The  following  is  a  list  of  the  most  characteristic  : — 
Reactions  of  Fotassinm  FeiricTaiiide. 
Hake  or  Metal.  Coi.oi'r  of  PiiKcirrr*TE  wtTB 

PAKE  or  METAL.  POTASSIUM  FRkBlCVANIDd. 

ron  (Ferrous) Dark  blue  (TurabuH's), 

ton  (Ferric) No  precipitate. 

Ditto. 

lus    .  Itrownish  red. 

Mercuric No  effect 

Stannous White,  soluble  in  HCl. 

Sunnic No  effect. 

\  Silver Orange. 

*■  the  above  Uble  it  is  evident  that  potassium  ferricyanide  is  very  useful  ' 
uttnguishing  between  various  states  of  the  same  metal : — iron,  for  example, 
i  which  it  gives  a  dark-blue  precipitate  when  the  salt  used  is  ferrous,  and 
S  cBcct  when  it  is  ferric 


rSBBOUS  FEREICTAMIDE  (Svn.  TurnhulVi  Blut).    Pormula.  Fe^FejCyi,. 
Produced  between  potassium  ferricyanide  and  a  ferrous  salt ; — 
K,Fe,Cy„  +  3FeSO«  =  Fe,Fe,Cyi,  +  3K^0,. 
g-Thii  |iredpitate  is  insoluble  in  hydrochloric  acid,  but  when  treated  with  , 
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potassium  hydrate,  or  any  similar  alkali,  it  is  decolorized,    and    deposits 
ferroso-ferric  hydrate,  forming  a  ferrocyanide  of  the  alkali  used  in  solution  : — 

FegFeaCyia  +  8KH0.  =  2K4FeCye+.FejaHO. 

{For  detection  of  Ferricyanides^  see  Author^ s  Analytioal  CheiiiiBtry,/«^  66.) 


METALLIC  NITROPRUSSIDES. 

These  are  a  class  of  bodies  obtained  by  the  action  of  nitric  add  on  ferro- 
cyanides  and  ferricyanides  having  the  general  formula  Mg  (NO)  FeCy^.  They 
may  be  viewed  as  derived  from  a  half  molecule  of  a  ferricyanide,  MjFeCy^ 
by  the  displacement  of  one  molecule  of  the  metallic  cyanide,  MCy,  by  nitric 
oxide  (jiitrosyl) ;  the  latter  being  formed  by  the  reducing  action  exercised  by 
the  ferrocyanide  on  the  nitric  acid. 

SODIUM  NITBOFRnSSIDK    Formula,  Iik^{IiO)lMif^.2^0. 

Prepared  by  heating  five  parts  nitric  acid  and  two  parts  potassium  ferro- 
cyanide with  a  little  water,  until  a  portion  taken  from  the  basin  gives  a  slate- 
coloured,  instead  of  a  blue,  precipitate  with  ferrous  sulphate.  The  liquid  having 
been  allowed  to  cool  (to  deposit  KNO3)  ^^  filtered  and  neutralized  with 
sodium  carbonate,  and  lastly,  the  whole  having  been  again  filtered,  is  crystal- 
lized. The  ruby-red  crystals  of  sodium  nitroprusside  are  then  carefully  picked 
out,  redissolved  in  water,  and  crystallized.  The  solution  of  this  salt  in  water  is 
employed  to' detect  the  presence  of  traces  of  alkaline  sulphides,  in  the  presence 
of  which  it  becomes  of  a  fine  violet  colour. 

METALLIC  CYANATES. 

Cyanogen  can  also  unite  with  oxygen  to  form  a  class  of  compounds  called 
cyanates.  They  may  be  viewed  as  nitrogen  with  two  of  its  atomicities  satu- 
rated by  (CO)"  and  the  third  by  a  basylous  radical,  thus  : — 

Potassium  Cyanate  K'— N">(CO)'' 

or  as  cyanogen  in  combination  with  an  oxygenated  radical  of  the  hydroxyl 
type,  thus : — 

Potassium  Cyanate  (CN)'  (OK)'. 

In  point  of  fact,  these  two  modifications  actually  exist,  and  have  been  named 
respectively  isocyanates  and  normal  cyanates. 

The  cyanates  are  of  no  use  in  pharmacy ;  but  the  following  are  interesting 
owing  to  their  relation  to  urea.    (See  Amides.) 

HYDROGEN  CYANATE  (Syn.  Cyanic  Acid),    Formula,  HCNO. 

Is  an  exceedingly  irritating  colourless  liquid,  with  a  smell  something  between 
sulphurous  anhydride  and  glacial  acetic  acid.  It  cannot  be  kept,  as  it  sud- 
denly changes  of  its  own  accord  into  a  solid  white  body  called  cyamclide, 
which  is,  however,  identical  in  composition.  Cyanic  acid  cannot  be  obtained 
by  liberation  from  its  salts  by  the  action  of  a  mineral  acid,  as  it  is  immediately 
decomposed  on  touching  water  into  ammonium  hydrogen-carbonate  : — 

HCNO  +  2H2O  =  NH4HCO3. 

Cyannric  acid,  H3C3N3O3,  is  a  polymer  of  cyanic  acid,  from  which  the  latter 
may  be  produced  by  heating  to  a  very  high  temperature,  thus  : — 

HsCsNgOs  =  3HCNO. 
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Cyanuric  add  is  prepared  by  heating  urea  till  it  melts.  Ammonia  is  given 
off)  and  the  acid  is  left  as  an  amorphous  mass,  which  frhen  purified  forms 
cSorescenC  crystals  feebly  soluble  in  water,  containing  iHjO  of  cry s tall Liation. 
It  is  soluble  without  change  in  the  strongest  sulphuric  or  hinric  acids, 

AJCKOKnJS  CTAKATE.     Fonnula,  (NHJCNO. 

Is  produced  by  synthesis  from  its  elements  by— 

I.  Making   potassium    cyanide  by  passing    nitrogen    over  a  mixture  of   , 
carbon  and  potassium  carbonate  heated  to  redness. 

I.  Convening  the  potassium  cyanide  into  potassium  cyanate  by  (using 
with  an  oxidiiing  agent  such  as  red  lead  or  manganic  peroxide,  and  extracting 
the  cyanalc  by  boiling  alcohol. 

i-  Mixing  the  alcoholic  solution  of  potassium  cyanate  with  ammonium 
sulphate,  when  double  decomposition  ensues,  and  the  potassium  stdphaic, 
being  insoluble  in  alcohol,  is  filtered  out  and  the  solution  evaporated  in 
vaaio. 

•Ammonium  cyanate,  if  heated,  immediately  undergoes  a  molecular  change, 
uid  is  converted  into  area.  (&(r  Amides.)  Thus  we  sec  one  of  those  remuk- 
able  synthetical  methods  by  which  sonzallcd  organic  matter  is  obtained  from 
purely  inorganic  constituents. 

Ftr  JtUitinn  af  Cyanii  and  Cyanuric  Addi,  m  Amhfft'i  AnaljtiMl  OhemJjtry, /Ufr6s.) 


METALLIC  THIOCYANATES. 

By  the  substitution  01  sulphur  for  oxygen  in  a  cyanate,  a  class  01  salts  called 
thiocyanates  (formerly  sulphocyanates)  are  produced,  thus  : — 

Cyanic  .\dd-        .     HCNO,  foms  Thiocyanic  Acid        .        .     HCNS. 
Potassium  Cyanate,  KCNO,      „     Potassium  Thiocyanate      .     KCNS. 

SYSBOQEH  THIOCTANArE  (Svn.  Sutji/wcyanic  Add).    Pomula,  HCH8.     ' 

Is  prepared  by  treating  plumbic  sulphocyanatc  suspended  in  water  with 
ntlphuietted  hydrogen.  Ity  boiling  or  exposure  to  the  air,  it  suffers  a  very 
eooiplcx  decorojMDsition. 

AMMONIUM  THIOCTANATE  {SvtJ.  Ammomum  Sa/J'hocja'iate). 
Formula,  NH^ClfS. 

May  be  obtained  by  the  action  ot  excess  01  ammonium  hydrate  on  carbon 
disulphtdc,  or  by  boiHng  ammonium  cyanide  with  sulphur.  It  is  also  produced 
in  iitesu//>/iur  tfst  for  hydrocyanic  acid  as  follows : — .-V  drop  o{jv//ifc  ammonium 
mlphydratc  is  exposed  lo  the  vapour  of.  or  added  to  a  solution  of,  hydrocyanic  : 
odd,  and  ilic  whole  evaporated  to  dryness  at  a  very  gentle  heat,  with  the 
addition  of  a  drop  of  ammonium  hydrate.  A  residue  is  thus  obuined  which 
strikes  a  blood-red  colour  with  ferric  chloride,  not  dischargeable  by  hydro- 
daloric  acid,  but  at  once  bleached  by  solution  of  mercuric  chloride.  This 
colour  is  due  to  the  formauoo  of  ammonium  ihiocyanate  (which  takes  place 
when  an  alkaline  sulphide,  containing  excess  of  sulphur,  is  brought  into  con- 
taiCI  with  cyanogen)  tlius  : — 

jHCy  +  (NHJjS  +  ^  -  iNH.CyS  +  HjS, 
and  svbscqneot  production  of  red  ferric  tbiocyanate. 


NITROGEN. 

POTASSIUM  TmOCYAHATE  (Syn.  Sulpkoeyamie  of  Petaiaum), 
FonnnJa,  KCHS. 

Is  prepared  by  fusing  dried  potasflium  ferrocyanide  with  half  its  weight 
of  sulphur  in  an  iron  pot,  forming  a  mixture  of  potafsiuin  and  ferrotu 
thiocyana,tes  ; — 

K,FeQNj  +  3^  =  4KCNS  +  FejCNS. 

These  salts  having  been  dissolved  om  by  water,  the  ferrous  thiocyanate  is* 
decomposed  by  the  careful  addition  of  potassium  carbonate : — 

FeaCNS  +  ICjCOj  =  2KCNS  + FeCOj, 
and  the  whole  is  then  crystallized. 

A  more  expensive  but  better  process  ts,  to  add  the  potassium  caxboaate  to 
the  fused  mass,  and  then  extract  with  and  crystallize  from  alcohol. 

The  crystals  thus  obtained  are  prismatic  and  anhydrous,  but  very  deli- 
quescent, and  bitter  to  the  taste.  They  are  soluble  in  water  and  alcohol,  and 
melt  at  a  very  gentle  heat  to  a  colourless  liquid.  When  potassium  thiocyaoate 
is  treated  with  chlorine  a  curious  j-ellow  insoluble  body  is  formed,  which, 
although  at  one  time  believed  to  be  the  radical  thiocyanogen  in  the  free  state, 
is  now  called  persulphocyanogen,  and  has  a  formula  of  H3CNS  or  (CjNj^HSg). 
The  only  use  of  potassium  thiocyanate  is  as  a  reagent  for  the  detection  of 
ferric  salts.     The  argentic  and  plumbic  thiocyanates  arc  insoluble  in  wMer. 


FEHEIC  THTOCTAHATE.     Ponmila,  F036CNS. 

Is  the  cause  of  the  red  colour  which  is  produced  when  any  ferric  salt  is 
brought  into  contact  with  a  soluble  thiocyanate.  It  must  be  carefully  distiD- 
guished  from  the  similar  colours  by  acetates,  meconates,  and  carbolates,  being 
known  by  its  not  being  discharged  by  dilute  hydrochloric  acid,  but  being  at 
once  bleached  by  solution  of  mercuric  chloride. 

(Far  dctettion  b/  TTtiacyanata,  lu  Author'!  Aialytlcil  Chemiitry,  (lagi  65.)  ^M 


COMPOUNDS  OF  CYANOGEN  WITH  THE  HALOGEN&« 

Cyanogen  unites  with  chlorine  to  produce  two  polymeric  compounds 
analogous  to  cyanic  and  cyanuric  acids.  They  are  CNCl  and  CsNgClj;  the 
first  is  a  gas  at  ordinary  temperatures  very  pungent  and  soluble  in  water 
which  is  prepared  by  passing  chlorine  over  mercuric  cyanide  in  the  dark. 
The  second  is  a  solid  crystallizing  in  needles  produced  by  exposing  to  sun- 
light a  mixture  of  chlorine  and  anhydrous  hydrocyanic  acid.  In  contact  with 
water  it  forms  cyanuric  and  hydrochloric  acids.  Bromine  and  iodine  form 
similar  compounds,  which  are  pungent  volatile  solids. 


PHOSPHORUS.    Symbol,  P.    Atomic  Weight,  31.    Specific  Gravity,  1*W. 

In  the  Free  State,  P,  =  ^  volameB.    MolectUar  Weight,  124. 

Vapour  Density,  rt/erred  to  JI\dn%cn,  62'9. 
This  element  exists  chiefly  in  the  bones  of  animals,  in  guano,  and  in  Ihe 
minerals  called  apatite,  phosphorite,  and  coprolifes,  of  which  latter  there  are 
extensive  deposits  in  Cambridgeshire,  It  is  also  present  in  nearly  all  the 
tissues  of  the  hunaan  Irame,  especially  the  brain  and  nerve  substance,  and  in 
animal  excreta.  It  was  discovered  by  Brandt,  in  1669,  and  was  prepared  by  ' 
slowly  evaporating  urine  down  to  the  consistence  of  honey,  distilling,  and 
purifying,  with  elaborate  precautions.  Dr.  Kraft  and  Kunckell  both  made  it ; 
but  it  was  first  presented  in  the  solid  form  by  Ambrose  Godfrey  Hanckwiiz, 
chemical  assistant  of  the  Hon.  Robert  Boyle.  Eventually  it  was  isolated 
from  bones,  which  consist  of  two  distinct  portions,  animal  and  mineral.  The 
first  is  called  ossein,  or  cartilage,  and  is  isolated  by  steeping  the  bones  for 
some  time  in  hydrochloric  acid,  which  dissolves  out  the  mineral  part,  and 
leaves  the  vssein  as  a  stiff  gelatinous  mass,  which  retains  the  form  of  the 
original  bone.  The  mineral  portion  is  called  bom  earth,  and  is  obtained  by 
calcining  the  bones  in  contact  with  the  air,  until  all  the  animal  portion  has 
burned  off,  leaving  a  nearly  white  ash.  The  relative  proportions  in  well- 
selected  ox  bones  are  30  per  cent,  of  cartilage,  and  70  per  cent,  of  bone  earth. 
To  obtain  phosphorus,  3  parts  of  the  bone  eanh  {consisting  chiefly  of  trical- 
dnm  phosphate,  CaaiPOj.,  and  calcium  carbonate)  are  digested  with  a  parts- 
of  sulphuric  add  diluted  with  about  1 7  parts  of  water.  This  yields  a  solutit^ 
of  monocalcium  hydrogen  phosphate  and  a  deposit  of  calcium  sulpha 
thus; — 

CaaJpO^+jHaSO,  =  CaH^aPO,  +  sCaSO.. 

The  clear  solution,  having  been  run  off  and  concentrated  to  a  syrup,  is 
mixed  with  powdered  charcoal  and  sand.  This  is  transferred  lo  an  iron 
vessel,  in  which  it  is  heated  to  a  dull  red  heat,  During  the  heating,  the 
hydrogen  and  a  portion  of  the  oxygen  of  the  monocalcium  hydrogen  phos- 
phate pass  off  in  the  form  of  water,  and  a  very  intimate  mixture  of  calcium 
'   'e  with  sand  and  charcoal  is  left : — 


CaH^aPO,  =  CaiPOa -t- aHjO. 
The  whole  is  removed  to  an  earthenware  retort  connected  with  a  copper  ^i 
tobc  which  dips  into  water,  and  distilled  at  a  high  red  heat.    The  charcoal '' 
combines  with  the  oxygen  to  form  carbonous  oxitie  and  so  passes  off;  wliile 
tiic  silicic  anhydride  of  the  sand  unites  with  the  calcium  to  form  calcium 
silicate,  which  remains  in  the  retort;  and  the  phosphorus  distils  over  through 
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the  copper  tube  into  the  water,  at  the  bottom  of  which  it  collects  in  yellow 
drops : — 

2Ca2P08  +  2Si02  +  sQ  =  2CaSiOj  +  2P3  +  loCO. 

The  crude  phosphorus  thus  obtained  is  transferred  to  a  basin  containing 
water,  and  having  been  heated  until  it  melts,  a  little  potassium  dichroroate 
and  sulphuric  acid  are  stirred  in.  An  oxidation  of  the  impurities  then  takes 
place,  and  the  floating  matters  having  been  skimmed  off,  the  melted  phos- 
phorus is  cast  into  sticks  by  passing  it  through  glass  tubes  under  water. 

Phosphorus  is  described  in  the  B.P.  as  being  a  semi-transparent,  colourless, 
waxlike  solid,  which  emits  white  vapours  when  exposed  to  the  air.  Specific 
gravity  1*89.  It  is  soft  and  flexible  at  common  temperatures,  melts  at  110% 
ignites  in  the  air  at  a  temperature  a  little  above  its  melting-point,  burning  with 
a  luminous  flame  and  producing  dense  white  fumes.  Insoluble  in  water,  but 
soluble  in  ether  and  in  boiling  oil  of  turpentine. 

Phosphorus  ought  always  to  be  kept  under  water,  because  it  takes  fire  when 
exposed  to  the  air.  The  flame  cannot  be  extinguished  by  water ;  and  in  case 
of  accident  the  only  course  to  pursue  is  to  cover  the  burning  mass  with  wet 
sand. 

Besides  the  menstrua  already  mentioned,  phosphorus  is  soluble  in  benzene, 
carbon  disulphide,  and  fixed  and  essential  oils.  When  taken  from  the  water, 
wiped  gently,  and  placed  upon  a  dry  surface,  it  emits  a  bluish-white  light,  and 
gives  off  fumes,  which  are  chiefly  phosphorous  anhydride  mixed  with  a  little 
phosphoric  anhydride.  If  a  light  be  applied  it  will  bum  and  form  copious, 
dense,  white  fumes,  consisting  entirely  of  phosphoric  anhydride.  The- phos- 
phorus fumes  emitted  in  contact  with  the  air  are  extremely  dangerous,  and 
cause  necrosis  of  the  bones,  chiefly  attacking  the  jaw  and  smaller  ankle-bones ; 
many  lucifer-match  makers  die  miserably  from  this  cause.  When  mixed  with 
potassium  chlorate  or  nitrate,  or  any  peroxide,  such  as  MnOj  or  Pb02,  phos- 
phorus takes  fire  on  being  rubbed.  It  is  on  this  principle  that  the  action  of 
the  ordinary  lucifer  match  is  based. 

Phosphorus  is  an  allotropic  body,  and  besides  the  common  fojm  can  exist 
as : — 

Red^  or  amorphous  phosphorus.  This  modification  is  commercially  import- 
ant, and  is  prepared  by  heating  the  common  article  in  a  closed  vessel,  from 
which  the  air  is  entirely  excluded,  to  a  temperature  of  not  less  than  465°  F., 
and  not  exceeding  485°  F.,  for  about  36  hours.  In  practice  the  phosphorus 
is  simply  placed  in  an  iron  vessel,  completely  closed,  and  furnished  with  a 
tube  dipping  under  mercury  (to  act  as  a  safety-valve,  allowing  the  outward 
passage  of  expanded  gases,  but  not  the  inward  passage  of  air).  When  first 
heated,  the  contents  of  the  vessel  take  fire ;  but  the  oxygen  of  the  air  being 
quickly  exhausted,  the  combustion  ceases,  and  the  conversion  of  the  remain- 
ing phosphorus  goes  on  quickly.  Red  phosphorus  is  not  soluble  in  carbon 
disulphide,  nor  in  any  of  the  other  solvents  which  attack  the  ordinary  variety  ; 
neither  does  it  emit  fumes,  nor  take  fire  spontaneously  in  the  air.  Indeed  it 
will  not  inflame  until  heated  to  500°  F.  It  becomes  luminous  at  392°  F., 
and  when  exposed  to  the  air  it  is  slowly  converted  into  a  liquid  which  is 
found  to  be  a  mixture  of  phosphorus  and  phosphoric  acids,  and  smells  of 
ozone. 

It  is  of  this  red  phosphorus  that  the  well-known  ruby  and  safety  matches  are 
made.  In  the  latter  it  is  mixed  with  glue  and  manganic  dioxide,  and  spread 
upon  the  box,  while  the  match  is  dipped  only  in  potassium  chlorate,  glue, 
and  antimonious  sulphide.  It  is  thus  impossible  to  inflame  the  match  on 
anything  but  the  box  itself. 

Two  new  preparations  of  phosphorus  have  been  introduced  into  the  B.P. : — 

I.  Oleum  Fhospharatum^  prepared  by  heating  4  ounces  of  almond  oil  to 


3O0%  then  (ilieiing  and  dissolving  ta  grains  of  phosphorus  in  it  at  a 
turc  of  180°  Fah, 

I'hc  product  is  a  clear  but  slightly  coloured  oil ;  phosphorescent  Ji 
dark. 

The  object  of  heating  is  to  remove  any  water  from  the  oil  and  at  the  s 
time  precipitate  albuminous  matters,  li  has  been  slated  that  this  oil  U 
to  become  thick  and  viscid  when  thus  prepared. 

a.  Pilu/a  Phosphori,  made  by  rubbing  phosphorus  with  balsam  of  t 
under  water  at  a  temperature  of  140°  Fah.,  and  then  adding  yellow  wax. 

Tlie  great  point  in  the  successful  manufacture  of  this  mass,  is  to  mis  wl 
the  wax  is  just  soft  and  not  actually  tluid.     It  has  been  objected  to  as  beinf 
TCTy  insoluble  in  the  stomach,  and  the  addition  of  a  little  sugar  has  beelf 
advised  when  intended  for  immediate  consumption. 


COMPOUNDS  OF  PHOSPHORUS  WITH  HYDROGEN. 

Phosphorus  forms  at  least  the  three  following  compounds  with  hydrogeil 
with  the  first  of  which  only  the  pharmacist  is  likely  to  meet : — 

Caseous  H)ilrogen  Phosphide PH,. 

Liquid  „  „  PjHj. 

Solid  „  „  P^H,, 

HYDKOGEH    PHOSPHIDE    (Svns.    Phosphurdled    Hydro^H.      Phosphttiijf,! 
Formula,  PH,.    Uoleciil&r  Weight,  34.    Densl^,  reftrred  to  Hydras^ 
17-6  {theory  =  VI). 

Is  evolved  when  phosphorus  is  boiled  with  an  alkaline  hydrate  in  solution  :- 
3K.HO  +  2P3  +  3H,0  -  3KPH,Os  +  PH3. 

As  thus  prepared,  it  is  usually  contaminated  with  free  hydrogen,  produa 
by  the  action  of  excess  of  alkali  on  the  potassium  hypophosphite  formed  L 
the  above  reaction  :— 

KPHsOj+2KHO  =  K3PO4  +  2HJ. 

This  may  be  avoided  by  the  use  of  calcium,  instead  of  potassium  (a 
sodium)  hydrate.     In  practice  little  baits  of  slaked  lime,  each  containing  B 
its  centre  a  small  fragment  of  phosphorus,  are  heated  in  water.     As  thus  prtfS 
pared,  phosphurctied  hydri^n  is  spontaneously  intlammabic  in  the  air,  und  | 
each  bubble  of  the  gas  as  it  rises  to  the  surface  takes  tire  and  forms  beautiful  1 
rings  of  phosphoric  acid  in  the  form  of  a  while  smoke,  which  become  larger  j 
and  larger  as  they  rise  towards  the  ceiling,  until  they  are  finally  disiiipated  ;— 
PH,+  >Oj  =  HjPO^. 

It   has  been  ascertained  that   the   spontaneous  inflammability  of  phoi 
phiirctccd  hydrogen  is  due  lo  the  presence  of  traces  of  the  vapour  of  PjHy 
and  th.-it  the  pure  gas  is  not  of  itself  inflammable  in  the  air.    The  pure  noa-l 
intianimablc  gas  may  be  prepared  by  the  action  of  phosphorus  on  alcoholic*  1 
soKilioii  of  potassium  hydrate.  | 

Pho^phuccited  hydrogai  is  a  natural  product  of  the  putrefaction  of  organic  | 
substances  containing  phosphorus,  am!  is  supposetl  to  contriliutc  to  ihc  cause 
of  the  ajipeannce,  so  common  in  marshy  districts,  known  as  WiH-o'-lhc-  Wis^ 
It  is  also  evolved  when  a  phosphite,  or  hypophosphite,  is  heated  to  redness.      ' 

On  account  of  the  faci  mentioned  in  Chapter  I.,  that  the  atom  of  pJiot-  | 
phoTtLS  only  occupies  half  the  volume  retjuired  by  the  theory  therein  explained^ 
It  follows  that  one  molecule  of  pltosphuretted  hydrogen  (iwo  volumes)  coo-  J 


PHOSPHORUS.  ^^^^^^M 

tains  three  volumes  of  hydrogen  and  half  a  volume  phosphorus.  As,  howev  •^^^- 
'  we  cannot  talk  of  half  an  atom,  we  are  obliged  to  say  that  two  molecules  {ft^  ^ 
volumes)  of  PHj  contain  one  atom  {one  volume)  of  phosphorus,  and  ^s  * 
atoms  (six  volumes)  of  hydrogen.  Phosphuretted  hydrogen  is  colourle^^^ 
possesses  a  disgusting  odour,  and  is  very  slightly  soluble  in  water.  It  is  al^j* 
poisonous,  and  is  very  eagerly  absorbed  by  arterial  blood,  from  which  *  ' 
abstracts  oxygen.  The  odour  produced  in  water  under  which  phosphort*^ 
has  been  kept,  with  access  of  light,  is  due  in  sonje  measure  to  the  slw"**^ 
production  of  this  gas. 

^^P    COMPOUNDS  OF  PHOSPHORUS  WITH  THE  HALOG^^H 

^^^^  Phosphorus  combines  immediately  with  bromine,  iodine,  and  chlorin^n^ 

\  form  bromide,  iodide,  and  chloride  of  phosphorus.     It  can  do  so  in  two  pro- 

;  portions,  as  follows  {the  preparation  of  the  chlorides  being  taken  as  typical  of 

^^^^  that  of  the  bromides) ; —                                                                                    ^^^1 

^^H    PHOSPHOROUS  CELOBIDE.    Formnla,  PCI,.  ^^H 

^^^^  Prepared  by  slowly  passing  phosphorus  vapour  over  mercurous  chlonai^^ 


I 

i 


Prepared  by  slowly  passing  phosphorus  vapour  over  mercurous  chloni 
In  this  compound  two  of  the  atoms  of  phosphorus  are  self-saturated,  and  it 
acts  as  a  triad.     It  is  an  offensive  liquid  having  a  specific  gravity  of  1*45  and 
fuming  in  the  air. 

In  contact  with  water  it  sinks  to  the  bottom  and  is  slowly  decomposed, 
forming  phosphorous  and  hydrochloric  acids  : — 

PCI3  +  3HaO  =  HjPOs  +  3HCI. 


PHOSPHORIC  CHLORIDE.    Formula,  FCl^. 

In  ihis  compound  (which  is  a  white  crystalline  solid)  the  phosphorus 
cises  its  full  (pentad)  atomicity.     It  is  prepared  by  passing  a  rapid  stream 
chlorine  over  red  phosphorus.     Treated  with  excess  of  water,  it  yields  phos- 
phoric and  hydrochloric  acids  : — 

FCIE  +  4H3O  =  HjPO^  +  sHCl. 
\Vhen  the  quantity  of  water  is  limited,  or  it  is  simply  exposed  to  moit 
it  produces  phosphoric  oxychloride  : — 

PCli  +  HjO  =  POCI3  +  3HCL 


-  phos- 

I 


¥ 


PHOSPHOROUS  OXYCHLORIDE.    Formula,  POCI3. 

Is  a  colourless  liquid,  having  a  specific  gravity  of  1 7,  and  boiling  at  ay^ 
Fah,  It  has  a  pungent  odour,  and  is  readily  decomposed  by  excess  of  water 
into  hydrochloric  and  phosphoric  acid.  In  practice  it  is  prepared  by  distilling 
phosphoric  chloride  with  oxalic  acid  or  phosphoric  anhydride. 

The  compounds  of  bromine  with  phosphorus  resemble  tlie  above  in  pre- 
paration and  properties. 

Iodine  forms  two  compounds,  PIj  and  Pig,  both  solid  and  produced  by  sim- 
ply dissolving  phosphorus  and  iodine  in  a  suitable  menstruum,  such  as  carbon 
disniphide,  and  cooling  till  crystals  form.  In  contact  with  water,  phosphorous 
and  hydriodic  acids  are  produced.  The  great  use  of  phosphorous  iodide  is  ift. 
the  making  of  haloid  ethers.     (5«  Chap.  XVII.) 


PHOSPHORUS  WITH  OXYGES. 


COMPOUNDS  OF  PHOSPHORUS  WITH  OXYGEN. 

With  oxygen,  phosphorus  forms  two  oxides,  viz., — 
I.  Phosphorous  anhydride,  in  which  it  exhibits  triad  atomicity. 
J.  Phosphoric  anhydride,  when  it  acts  as  a  pentad. 
These  anhydrides  give  rise,  with  water,  to  acids,  and  there  is  also  an  a<d 
Ptypophosphorous)  known,  without  a  corresponding  anhydride,  thus . — 

Oxidea. 

Phosphorous  Anhydride        ......     PjOj 

Phosphoric  Anhydride Pg6(. 

Acids. 

Hypophosphorous  Acid         .         .         .  H^PO,  =  (HPHjO,). 

Phosphorous  Acid         ....  HjPO,  =  (HjPHO,). 

Phosplioric  Acid HjPO^. 

KYBEOQEN  HYPOPHOSPHITE  {Syn.  Hypopkespkorous  Add). 
Pormula,  KPHjOj. 

May  be  prcjiared  by  decomposing  solution  of  baric  hypophosphilc  with  ti 
exactly  equivalent  weight  of  sulphuric  acid  : — . 

BaiPH,Oj+H^O»  =  iHPH,0,+  BaSO,. 

It  is  a  colourless  liquid,  which,  on  exposure  to  the  air,  is  resolved  into  A  J 
mixture  of  phosphorous  and  phosphoric  acids  :— 

4HPHiOj  +  303  =  aH^PO^  +  iHjPOj. 

It  Ibnns  a  class  of  sails  called  hjpophoBphitas,  which  arc  coming  into  i; 
ia  pharmacy,  having  been  originally  introduced  as  constituents  in  ParrisHf, 
Chemical  Food.  They  arc,  with  the  exception  of  the  silver  salt,  all  soluble  i 
water,  and  most  of  them  dissolve  in  alcohol. 

(Fordtlfclum  of  Hyfuphsipkilii,  r«  yluMm-'j' Inil/tictl  Cliamlitiy, /a^  67. ) 

SODItJU  H7P0PH0SFHITE.    Foimola,  KaPH^O^    Holecnlar  Weight,  88. 

Prepared  by  treating  calcium  hyjiophosphite  with  sodium  carbonate,  filtering 
the  solution,  evaporating  and  granularing  at  the  heal  of  a  steam  bath  (230^ 
Fah.} :— 

CaiPHjOj+NfljCOj  =  jNaPHjOj  +  CaCOj. 

It  is,  when  thus  made,  a  while  granular  salt,  having  a  bitter  nauseous  taa 

It  b  deliquescent,  very  soluble  in  water  and  in  spirit,  but  insoluble  in  eth 

At  a  red  heat  it  ignites,  emitting  spontaneously  intlamniable  phosphuretted 

hydrogen. 

\,Fsr  analyai,  sre  Authni'i  liulytical  Chtmiitry.  pagi  103-) 

POTASSnrX  HTPOPHOSPBITE.  Pomnla,  KPHjO,  Holecnlar  Weight,  104. 

May  be  prepared  as  the  calcium  salt,  but  using  potassium  hydrate,  and 
converting  the  excess  of  the  latter  into  carbonate,  by  adding  potassiun)  hydn^  I 
carbonate,  and  finally  evaporating  to  dryness,  then  treating  with  alcohol,! 
which  only  dissolves  the  potassium  hypophosphile ;  but  tlie  tendency  of  thA  1 
exccn  of  potassium  hydrate  to  decompose  the  hypophos|>hite,  as  already  showQ  J 
(page  1S7)  rcndci^  its  preparation  from  calcium  hypophosphite  by  double  de^  I 
composition  with  potassium  carbonate  more  desirable,  it  resembles  sodiualJ 
hypophosphite  in  its  properties. 


I90  PHOSPHORUS. 


CALCIUM  H7F0FH0SFHITE.   Formula,  CaaPH^O,*  Molecular  Weight,  170. 

Is  prepared  by  gently  heating  phosphorus  with  water  and  calcium  hydrate 
phosphuretted  hydrogen  being  evolved  :— 

3Ca2HO  +  6HaO  +  4P2  =  sCaaPHjOj  +  2PH3. 

In  practice  it  is  obtained  by  heating  phosphorus  with  calcium  hydrate  and 
water  until  phosphuretted  hydrogen  gas  ceases  to  be  evolved,  then  filtering 
the  liquid,  separating  uncombined  lime  with  carbonic  acid  gas,  and  evapor- 
ating the  remaining  solution  until  the  salt  separates  in  a  crystalline  condition. 

It  is  met  with  as  a  white  crystalline  salt,  with  a  pearly  lustre  and  a  bitter 
nauseous  taste.  Insoluble  in  rectified  spirit  Soluble  in  six  parts  of  cold 
water,  and  only  slightly  more  soluble  in  hot  water.  The  crystals  do  not  lose 
weight  when  heated  to  300°.  Heated  to  redness,  they  ignite,  evolving  spon- 
taneously inflammable  phosphuretted  hydrogen,  and  leaving  a  reddish-coloured 
residue  of  calcium  pyrophosphate. 

{For  analysis,  see  Author's  Analytical  Chemlitr7,/a^^  104.) 

BAEITJM  HYPOFHOSFHITE.  Formula,  ^BsOSHjl^^.  Moleeolar  Weight,  267. 

Prepared  like  the  calcium  salt,  taking  barium  hydrate  instead  of  calcium 
hydrate.  It  is  used  in  pharmacy  for  preparing  quinine  and  magnesium  hTOo- 
phosphites  by  double  decomposition  with  their  sulphates. 

FHOSFHOBOUS  ANHTDBIDE.    Formula,  FgOg.    Molecular  Weight,  110. 

Referred  to  under  Fhosphoras  as  being  spontaneously  generated  on  its 
contact  with  the  air.  When  prepared  by  burning  phosphorus  in  a  limited 
supply  of  air,  it  is  a  white  mass,  with  a  slight  odour  of  garlic.  Thrown  into 
water  it  gives  a  hissing  noise,  and  forms  phosphorous  acid  : — 

P2O3  +  3H3O  =  2H3PO3. 

HYDRO  3EN    FHOSFHITE     (Syn.  Phosphorous  Acid),     Formula,  HoPOg. 
Molecular  Weight,  8a 

May  be  prepared  by  exploding  phosphuretted  hydrogen  with  oxygen  : — 

2PH3     +     3O2   =  2H3PO3. 
4  vols.  +  6  vols. 

That  is  to  say,  in  the  simplest  ratio,  two  gallons  of  phosphuretted  hydrogen 
require  three  gallons  of  oxygen. 

It  also  results  from  the  action  of  phosphorous  chloride  upon  water. 
{See  PCI3.) 

It  is  usually  found  as  a  syrupy  fluid.  It  acts  as  a  reducing  agent  even  upon 
such  a  comparatively  stable  compound  as  sulphurous  acid  : — 

3H3PO3  +  H2SO3  =  sHgPO.+  HgS. 

Heated,  it  is  converted  into  phosphoric  acid  and  phosphuretted  hydrogen. 
It  forms  with  metals  a  class  of  salts  called  phosphites,  of  no  great  pharma- 
ceutical interest 

{For  detection  of  Phosphites,  see  Author's  Analytical  Cheiiiistiy,/^^  68.) 

FHOSFHOBIC  ANHTDRIDE.    Formula,  F^Og.    Molecular  Weight,  li3. 

Produced  by  burning  phosphorus  in  a  glass  globe,  having  a  free  supply 
of  dry  air,  when  it  collects  like  a  mass  of  snow  at  the  bottom  of  the  globe. 


It  clelj(]ucs(!cs  in  the  air,  and  eagerly  unites  with  water,  producing  hcai,  andA 
Uumiog  metaphosphoric  add.  Theorciicaily  it  unites  with  water  to  form  | 
three  varieties  of  phosphoric  acid,  although  in  practice  the  me/a  acid  is  the  I 
one  always  formed  by  direct  union  (in  the  cold).  These  three  varieties  are  I 
as  fpljows  : — 


P/)j+  HjO  =  HsPjOj  =  2HPO3 

PgOs  +  jHaO  =  HjPjO,       . 

P,Os  +  3HjO  =  H.PjOg  =  2H3PO» 


Melapkotphorie  Acid, 
Pyrophaspharit  Add. 
Orthopkosphoric  A<id. 


HYTEOGEN  PHOSPHATE  (Syns.  Onhopkosphorii  Add.    Addum  Pkospheri- 
^m,  B.l'-).     Formula,  H^POj.    Molecular  Weight,  88. 

Prqwred  by  boiling  phosphorus  in  very  dilute  nitric  acid.     The  action  is  j 
on«  of  direct  oxidation,  ninic  oxide  being  evolved  : — 

3Pj  +  10HNO3  +  ^HjO  =  eHjPO,  +  loNO. 

The  B.P.  directs  the  operation  to  be  made  in  a  retort  furnished  nrilh  a  con-  ] 
denser  al  a  gentle  heat  till  the  phosphorus  is  dissolved,  returning  the  con- 
deiued  nitric  acid  and  water  to  the  retort  from  time  to  time.  The  ii'iuid  is  then  I 
transferreil  to  a  porcelain  dish  and  evaporated  until  it  is  reduced  to  four  fluid  f 
oooces ;  next  it  is  removed  to  a  platinum  vessel,  and  the  evaporation  continaedrl 
nniil  orange-coloured  vapours  are  no  longer  formed.  The  strong  sympy  acid  \ 
Ihas  obtained  is  diluted  to  the  proper  strengdi,  viz. :— 13S  per  cenL  HjPO,  ] 
(  =  10  per  cent.  PeO,),  J 

It  is  noticeable  that  at  the  end  of  the  preparation  the  acid  is  found,  n&t  in  1 
the  receiver,  but  in  the  retort  This  is  because  phosphoric  acid  h  net  volatile,  \ 
aod  the  action  is  simply  one  of  boiling,  instead  of  distillation.  The  object  of  1 
nsiog  a  receiver  is  to  condense  the  water  and  nitric  add  which  raay  boil  oB",  ■ 
BO  thai  ihcy  may  be  returned  from  time  tu  time  to  the  retort,  to  keep  up  I 
uciform  and  continued  action  without  loss  of  material.  The  add,  when  t 
ferred  from  the  retort,  always  contains  HjPO,,  which  is  only  fmally  changed  1 
during  concentration  in  a  porcelain  dish.  Tne  process  ought,  therefore,  to  \ 
be  represented  in  two  steps,  thus : — 

2HNO,  +  Pj  +  iH,0  =  jHjPO,  t  jNO. 
sHjPOst'HNOj  =  3HjP04+»N0  +  Hi,O. 

Addum  phoiphorieum,  B.P.,  is  a  colourless  liquid,  with  a  sour  taste  ukI.-I 
atniagly  acid  reaction.  Specific  gravity,  108.  With  amraonio-nitrate  ofl 
silver  it  gives  a  canary-yellow  precipitate,  soluble  in  ammonium  hydrate  and  I 
in  diluted  nitric  acid.  Evaporated,  it  leaves  a  residue,  which  melts  at  a  low  | 
red  heat,  and  upon  cooling  exhibits  a  glassy  appearance  (mctaphosphoric  add). 
\Fer  analyrii  and  impnT\tUs,  tei  Autk'it'i  Analytiad  QumlMi;. /o^  104.) 

IVhen  phosphoric  acid  is  evaporated  to  dryness,  it  first  loses  one  molecule  I 
of  water,  and  at  430"  I",  becomes  pyrophosphoric  acid  ; — 

iH,P0,-HjO  =  H^PjO." 
This  residue,  if  fnrthcr  healed  to  redness,  again  loses  water,  and  is  c 
into  nseuphosphoric  acid : — 

H,PjOj-H,0  =  iHPOj. 

Tbe  intermediate  step  is  difficult  to  obtain.     In  forming  the  class  of  salts 
otHed  tn/iopMmphaies,  PO4  acts  as  a  triad  radical. 


PHOSPHORUS. 


HYDROGEN  PYROPHOSPHATE  (Svu.  Pyrophosphorlc  Add). 
Formula,  HjPjOj. 

Is  a  soft  substance  of  a  glassy  nature,  which  may  be  prepared,  all 
not  quite  pure,  by  evaporating  phosphoric  acid,  and  heating  to  430°  F.  trntil, 
on  dissolving  a  portion  in  a  little  cold  water,  it  ceases  to  give  a  yellow 
cipitate  with  argentic  nitrate.     Another  metliod  is  to  heat  disodiuin 
L  phosphate  until  it  is  entirely  converted  into  sodium  pyrophosphate : — 


iNa^HPOi  =  Na^P„Oj  +  H,0, 


% 

lumfaSc'll 


The  residue  thus  obtained,  if  digested  with  a  salt  of  lead,  forms  pltu 

pyrophosphate,  which  may  then  be  suspended  in  water,  and  treated  with 
sulphuretted  hydrogen  : — 

PbjPjOj  *  aHjS  =  H.PjOj  +  aPbS. 

It  forms  salts  called  pyropkosphales,  having  the  radical  Pj07  acting  as  a  tetrad. 
By  boiling  with  water  it  is  converted  into  ortko-,  and,  by  heating  to  redoes^, 
into  mela-  phosphoric  acid. 


(FordeUclion of  PymphfiphcUa,  ueAulkor'!  Analytical  Chsmiitry. /a^,f  68  ) 


Mttaphoiphoric   And. 
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HYDR09EH  METAPHOSPHATE    (Svns. 

Phosphoric  Add).    Pormnla,  HPO3. 

A  hard  glassy  substance  which  dissolves  thoroughly,  but  not  rapidly,  in 
water.  It  is  prepared  by  evaporating  the  B,P.  acid,  and  heating  the  residue 
to  redness.  By  continued  boiling  with  water  it  recombines,  yielding  the  B.P. 
acid.  It  forms  a  class  of  salts  called  metaphosptiates,  in  which  PO^  acts  as  a 
monad. 

(For  dtltttion  ef  MdaphosphoUs,  lit  Author' 1  AnalytloKl  QiemiitiT, /a^ ^  68.) 

The  three  varieties  of  phosphoric  acid  may  be  thus  distinguished  : — 


•  as  a 

4 


PlioaPBORtc  Acids. 

Nitrate. 

With  Alb  UMKN, 

Orthophosphoric  Acid     . 
Pyrophosphoric  Acid .     . 
Metaphosphoric  Acid      . 

Gives  a  yellow  precipitate.          No  effect 
Gives  a  white  precipitate.          No  effect. 
Gives  a  while  precipitate.      ,  Is  cos^lated. 

OrthoplioBpliateB  are  very  complex  in  the  possible  variety  of  their  fonnulte, 
because  with  the  triad  radical  both  mooad  and  dyad  bases  may  form  hydrogen 
salts. 
For  example,  in  theory,  with  sodium  we  might  have  : — 

ir&sFO, Trisodium  Phosphate. 

RaoHFOf Disodium  Hydrogen-phosphate. 

ITaHiPO^ Monosodium  Hydrogen -phosphate 

With  calcium  we  might  have  :  — 

CajjPO^     ....     Tricalcium  Phosphate  (basic). 
CajHjjPO,  =  iCaHPO^    .     Dicalcium  Hydrogen-phosphate  (neutral). 
CaH^aPO^-  .        ■     Monocalcium  Hydrogen-phosphate  (acid). 


COMPOUNDS  OF  PJfOSPIfORUS   WITH  OXYGEN. 

DIAMKONrOM  HYDEOSEN-PHOSPHATE    (Svn.  PhoipkaU  of  Ammonia). 
Pormola,  (HH,).2HP0,.     Iliolecula.r  Weight,  133. 

May  be  funned  by  mixing  phosphoric  acid  with  a  slight  excess  of  ammooivim  1 
hydrate.  J 

It  may  also  be  directly  prepared  from  bone  ash  by  a  similar  process  to  ] 
that  employed  for  disodium  hydrogen  phospliate,  using  ammonium  carbonate  T 
instead  of  sodium  carbonate. 

It  is  in  transparent  colourless  prisms,   soluble  in  water,  but  insoluble  i 
^irit     When  heated,  it  evolves  ammonia  gas,  and  leaves  a  residue  of  glacial  1 
phosphoric  acid. 

(Fur  aHolyiii,  uc  Authsr'i  Analytical  Chemlili)', /.j.i.v  ^°A) 


HYDROGEN-PHOSPHATE  (Svns.  Tril>am  Phmphatt  of  So>la. 
Sc^l^ri,oif/hu,BJ'.)  Formula, NajHP0j,12H^0.  Molecular We^;ht, 358. 

Is  prepared  by  digesting  bone  earih   in   sulphuric  arid,  forming  monocal- 
data  hj-drogen- phosphate  in  solution,  and  depositing  calcium  sulphate : —  ' 

Ca,aPO^+2H^O,  =  CaH^aPO,  t  aCaSO,. 
The  pasty  mass  is  then  treated  with  water,  and  the  removal  of  the  | 
calcium  sulphate  ensured  by  fUtration  and  concentration.  The  clear  aolutioR  [ 
of  monocalcliim  hydrogen-phosphate  thus  obtained  is  treated  with  sodium  1 
carbonate,  which  causes  a  precipitate  of  dicalcium  hydrogen -phosphate,  and  I 
lesvcs  disodium  hydrogen -phosphate  in  solution  : — 

CaH,jrO,+  Na,COj  =  NajHPO,  +  CaHP0,  +  CO,  +  H(O, 
The  deposited  phosphate  is  by  no  nteans  absolutely  constant,  but  often  ] 
contains  tricalcium  phosphate. 

Soda  Phosphas,  B,P.,  is  in  transparent,  colourless,  rhombic  prisms,  termin- 
ated by  four  converging  planes,  efflorescent,  tasting  like  common  sail ;  it  is 
sohible  in  water,  its  solution  having  a  faintly  alkaline  reaction.  ^V1len  this  | 
nit  is  heated  to  redness  it  yields  sodium  pyrophosphate  ; — 

iNajHPO,  =  Na,P,0,  +  HA 

^  boiling  with  water,  that  salt  may  be  again  changed  to  the  origin:U   { 
n  hydrogen- phosphate. 

{For  a»alyiis,  sci  Authe/s  IJialjUcil  Chsiiliitr]',  /<i,cr  104.) 


JUCKONIDIE  aad  SODIOH   HTDROOKK-PHOSPHATE  (Sv.v.   MiawtmU 
S.1//).     Formula,  Ka(KH,)HPO,4H.O. 

Formed  by  ilissolving  seven  parts  of  disodium  hj-drogen-phosphate  and  one 
part  of  ammonium  chloride  in  two  parts  of  boiling  water,  and  crystallizing. 
ThU  «all  is  useiJ  extensively  in  blowpipe  analysis,  because  on  healing,  it  ' 
evolves  ammonia  and  water,  leaving  pure  sodium  metaphosphate.  Thus  pro- 
duced, it  has  the  power  of  dissolving  metallic  oxides,  many  of  which  cause 
it  to  assume  very  characteristic  colours.  To  perform  such  experiments,  a 
Uttle  of  die  salt  is  placed  in  a  loop  of  platinum  wire,  and  heate<t  with  the 
bk)W-pipc  till  a  clear  bead  is  obtained.  The  bead  is  then  touched  with  die 
powder  to  be  anaJyxed,  and  again  ignited,  first  in  the  inner,  and  then  in  the 
outer  flame ;  and  examined  after  each  heating,  when  the  following  effects, 
ankoni;  others,  mny  be  observed. 
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Blowpipe  Beactions  of  lUcrocoBxnic  Salt 


Colour  of  Bead. 

In  the  Inner  Flame. 

In  the  Outer  Flame. 

Blue    .... 
Amethyst     .     . 
xv.eci    «... 
Green.    . 

Cobalt  only .... 

Copper 

Chromium    ....     . 

Cobalt  and  Copper. 

Manganese. 

Iron. 

Chromium. 

Silica  floats  about  in  the  bead  in  undissolved  particles,  and  silver  produces 
an  opalescent  appearance. 

AMMONIUM  MAGNESIUM-FHOSFHATE.    Formula,  MgNH^PO^. 

A  white  crystalline  precipitate  produced  between  magnesium  sulphate  and 
a  soluble  phosphate  in  the  presence  of  ammonium  hydrate,  ammonium 
chloride  having  been  previously  added  .to  prevent  the  precipitation  of  magne- 
sium hydrate : — 

MgS04  +  NH4HO  +  Na3HP04  =  MgNH^PO^  +  Na^SO^  +  H^O. 

It  is  slightly  soluble  in  cold  water,  and  forms  very  slowly  in  dilute  solutions. 
Its  production  is  much  accelerated  by  stirring  with  a  glass  rod ;  and  after 
collection  it  must  be  washed  with  water  containing  ammoniiun  hydrate,  in 
which  it  is  almost  insoluble. 

By    strong    ignition    it   is    converted    into    magnesium    pyrophosphate 

(MggPA).  .        .    .         • 

It  is  in  this  form  that  phosphoric  acid  is  usually  precipitated  and  weighed. 

222  parts  of  MggPjOy  =  142  parts  PgOg,  or  234  parts  ^^ solttble  phosphuU  of 

iime,^'  or  310  parts  "  boru  earth  rendered  soluble.'^ 

m 

(See  Grammetric  Quantitative  Analysis^  in  Author's  Analytical  Chemistry, /^^^  179.) 


TRICALCIUM  PHOSPHATE  (Syns.  Tribasic  Phosphate  of  Calcium,     Colds 
Fhosphas,  B.F,)    Formula,  Ca32P04.    Molecular  Weight,  310. 

Is  prepared  by  dissolving  bone  ash  in  hydrochloric  acid,  monocalcium 
hydrogen-phosphate  and  calcium  chloride  being  formed : — 

Ca32P04  +  4HCl  =  CaH42P04+2CaCl2; 

and  then  filtering  from  insoluble  matters  and  reprecipitating  with  ammonium 
hydrate. 

CaH^2P04+2CaCl2  +  4NH4HO  =  Ca32P04  +  4NH4CI  +  4H2O. 

The  precipitate  is  then  washed  and  dried  at  212°  Fah. 

Calds  phosphas,  B.P.,  is  a  light,  white,  amorphous  powder,  insoluble  in 
water,  but  soluble  without  effervescence  in  diluted  nitric  acid.  The  solution 
continues  clear  when  an  excess  of  acetate  of  soda  is  added  to  it,  because  this 
phosphate  is  soluble  in  all  ordinary  acids,  and  even  in  acetic  acid,  in  which 
the  phosphates  of  aluminium  and  iron  are  insoluble.  It  is  unaltered  by  heat, 
and  is  the  form  in  which  phosphorus  is  found  in  bone  ash. 

{For  analysis^  see  Author's  Analytical  Chemistry,  pa<;c  105.) 
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DICALCIUM  HYDROGEN-PHOSPHATE.     Formula,  CajHj2P0„  or  CaHPO,. 

This  is  the  truly  neutral,  or  simplest,  combination  of  calcium  and  phosphoric 
acid._  It  is  deposited  as  a  gelatinous  precipitate  when  disodium  hydrogen- 
phosphate  is  added  to  an  acid  solution  of  calcium  chloride,  and  also  in  the 
Ift&t  stage  of  the  B.P.  manufacture  oi  soda  j^hosphas. 


HOMOCALCTUM  HyUROQEN  PHOSPHATE  (Syn.  SuperplwsphaU  of  Lime). 
Formula,  CaH,2P0t.    Uolecular  Weight,  234. 

Is  produced  whenever  tricalcium  phosphate  is  acted  upon  by  an  acJd  capa- 
ble of  effecting  its  solution.    This  phosphate  is  the  chief  active  principle  of  J 
ajtificial  manures  ;  and  it  is  on  the  amount  of  this  constituent  that  their  main  | 
value  depends  for  fertilizing  purposes.     It  is  known  in  trade  as  soiubte  plus 
f^t,  or  superphosphate  vf  lime. 

The  estimation  of  the  amount  of  soluble  phosphate  in  a  manure  is  an  1 
important  operation. 

(&»  Gravimrtrii  Qtiaiilit.3tivf  AnalyHs,  in  Aulher'i  Aaalytioal  Ctomiitt j, /aj-(  179.) 


TB1PKHR0U8  PHOSPHATE   (Svns.  Ferri  Pliosphas.     Tribasic Phosphate  of  \ 
Iron).     Formula,  FejgPO^. 
Prepared  by  precipitating  ferrong  sulphate  with  dieodinm  hydrogen -pboB- 
phat«  in  the  presence  of  sodium  acetate,  washing  the  precipitate,  and  drying  j 
it  at  I  io°  F.  ;—  . 

3FeS0«  +  aNa,HP0,  +  2NaCaH,0,  =  FesiPO^  +  aNaaSO.-hjHCaHjOj. 

The  sodium  acetate  is  added  to  ensure  the  formation  of  triferrous  phosphate,  I 
by  ^;ombining  with  the  excess  of  SO^  and  liberating  instead  acetic  acid,  i 
which  it  is  insoluble.     If  it  were  not  employed,  ferrons  hydrogen-phosphate 
would  be  formed,  thus  : — 

3FeS0«  +  aNajHPOj  =  jFeHPO^  +  jNa^SO,. 

On  adding  the  acetate,  this  hydrogen-phosphate  is  all  converted  into  iriferrous  | 
pho6phale. 

jFeHPO,  +  aNaC^HsOj  =  Fea2P0^  + NaaHPO^+ zHCnHPj. 

Fori  pkosf  has,  B.P.,'\%\n&\^'Cn  as  a  slate-blue  amorphous  powder,  insoluble 
ID  water  and  acetic  acid,  but  soluble  in  hydrochloric  acid.  It  is  reprecipitablc 
from  its  solution  by  the  addition  of  excess  of  an  alkaline  hydrate  or  acetate. 
The  addition,  however,  of  a  little  citric  or  tartaric  acid  prevents  its  reprecipi- 
tation  by  ammonium  hydrate.  By  heat  it  is  changed  into  ferric  phosphate  in 
contact  with  the  air. 

When  first  precipitated,  triferrous  phosphate  is  white,  but  turns  to  a  slate-  ] 
blue  on  contact  with  the  air  \  and  as  usually  sold  it  is  therefore  really  a  com-  I 
plex  compound,  having  the  fomiuia  (Fea2P04)s(FePOJaFegOsiOHjO.  It  has  J 
aEso  been  stated,  that  if  the  iron  salt  be  added  to  the  disodium  hydrogen-  I 
phosphate,  instead  of  vice  ivrsd,  the  production  of  fenous  hydrogen-phosphate  I 
cannot  be  prevented. 

iJ^ir  anaiyiii,  ta  Auth<tr's  Analytiral  ChemiBtry,  fiage  105.) 
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FERRIC    PHOSPHATE    (Syn.  Perphosphate  of  Iron), 
Molecular  Weight,  151. 


Fonniila^  FePO^ 


Is  produced  as  a  white  precipitate  on  mixing  the  solution  of  a  sohible 
phosphate  with  ferric  chloride  in  the  presence  of  ammonium  acetate.  This 
reaction  enables  us  to  separate  small  quantities  of  phosphoric  acid  from  all 
other  metals. 


BISMUTHOUS  PHOSPHATE.    Formula,  BiPO^.    Molecular  Weight,  303. 

Is  a  white  precipitate  formed  when  solution  of  bismuthous  nitrate  is  added 
to  a  soluble  phosphate.  It  is  insoluble  in  nitric  acid,  and  is  used  frequently 
for  the  separation  of  phosphoric  acid  from  other  metals.  It  fails  in  accuracy, 
however,  in  the  presence  of  much  aluminium  and  iron. 

AMMONIUM  PHOSPHO-MOLTBDATE. 

Is  formed  as  a  yellow  precipitate  when  solution  of  ammonium  molybdate  in 
nitric  acid  is  added  to  a  soluble  phosphate.  This  is  the  most  accurate  process 
for  the  separation  of  phosphoric  acid  from  all  metals.  It  is  performed  in 
practice  as  follows  : — the  sample  is  dissolved  in  nitric  acid,  a  large  excess  of 
ammonium  molybdate  dissolved  in  nitric  acid  is  added,  and  the  whole  is 
allowed  to  stand  for  twelve  hours  in  a  warm  place.  The  precipitated  ammo- 
nium phospho-molybdate  is  collected,  washed  with  water  containing  a  little 
of  the  precipitant,  and  then  dissolved  in  ammonium  hydrate.  The  solution 
thus  obtained  is  then  ready  for  treatment  with  the  ordinary  process. 

{See  GrammetrU  Quantitative  Analysis  in  Author's  Analytietl  Cheini8txy,/d(^  179.) 

This  process  is  not  effectual  in  the  presence  of  arsenic  or  silicic  acid.  The 
following  is  the  composition  of  ammonium  phospho-molybdate  dried  at  2i2°F., 
as  given  by  Muntzinger. 

Phosphoric  Acid 3*962 

Ammonium  Oxide 3*577 

Molybdic  Acid         .        .   ^     .        .         .        .       92*461 

lOO'OOO 


COMPOUNDS  OF  PHOSPHORUS  WITH  SULPHUR. 

By  heating  amorphous  phosphorus  with  sulphur,  a  very  rapid  and  violent 
reaction  takes  place ;  and,  according  to  the  quantities  of  each  element  used, 
the  following  series  of  compounds  can  be  made : — 

Hemisulphide  ' P4S. 


Monosulphide 

.        PjS. 

Sesquisulphide    ..... 

P4S3. 

Trisulphide 

Pg^S" 

Pentasulphide 

•      P2S,. 

Dodecasulphide 

PgSjg. 

None  are  of  interest  in  medicine  or  pharmacy. 

CHAPTER    XII. 
ARSENIC. 


ABSESIC   <Sv>;.  Arseniatm).    Symbol,  Ab.    Atomic  Weight,  78,  _ 

Free  State,  As^  =  2  volomes.   nToIecnlar  weight,  300.   Vapour  Density," 
refernd  lo  Hydrogen,  153  at  860^  C  ;  re/erred  lo  Air,  lO-fi. 

This  metalloid   is  one  of  the  most  extensi»'ely  distributed  substances  in 
nature,  although  usually  in  smalt  quantities.     It  is  found  native  in  siJvei  a 
tin  OKs,  also  in  ihe  form  of  the  yellow  sulphide  called  orpiment  (AsjS,)  a 
the  red  sulphide  called  rmigar  (AsaSj). 

Its  most  abundant  source,  is  the  mineral  commonly  called  anenia 
irm  pyrites  {ferric  sulpbarsenide,  F^''S,''As3,  or  aFeSAs),  from  which  i 
raxy  be  obtained  by  sublimation,  out  of  contact  with  the  air.  On  a  small 
scale  it  may  he  produced  by  heating  arsenious  anhydride  with  c 
dried  sodium  carbonate  and  potassium  cyanide  in  a  dry  test-tube  the  r 
of  which  is  lightly  closed  by  the  thumb,  when  arsenic  will  form  aa  a  n 
inside  tlie  tube.  Arsenic  is  a  solid,  crystallizing  in  octahedra,  and  volatiliziq 
at  356"  F.,  without  previously  fusing.  Il  has  a  brilliant  metallic  lustre,  whicl 
however,  rapidly  tarnishes  in  the  air ;  and  its  vapour  is  of  a  yellowish  lingpj 
and  possesses  a  peculiar,  garlic-like,  odour.  \Vhen  healed  in  the  air,  it  rapiu 
absorbs  oxygen  and  deposits  a  crystalline  sublimate  of  arsenious  anhydricU 
It  combines  directly  with  chlorine,  bromine,  and  iodine;  and  so  energetics 
the  action,  that  powdered  arsenic  introduced  into  chlorine  gas  suddenly  !■ 
flames,  producing  thick  white  fumes  of  arsenious  chloride. 

Metallic  arsenic  is  sometimes  used  in  veterinary  medicine,  and  is  < 
poisonous,  but  not  so  much  so  as  arsenious  anhydride. 

{Far  dttaiimefArttnu  in  cmti  of  p^srning,  set  Anihu/s  Aaalylit*!  CbmiUtrr,  fagi  144 ; 
/br  Ikt  gnttrvl  rtacliinu  anJ  t^aralion,  ietfa£r  33,) 


HTDEOQEN    ASSENIDE    (Svns.     Arseniiirettfd    ffydrogrn.      Ar%enamim), 
Formula.AsHj.  ]IoIectilaTWeight,78.  T)KaK.t3,rffemd lo /fydfvgen,n,  | 
DenBity.  r'-Ja-mi  la  Air,  2  695. 

Is  a  very  poisonous,  colourless  gas,  with  a  strong  garlic  odour,  which  i 
produced  whenever  an  easily-reducible  compound  of  arsenic  {such  as  arsenious  J 
juihydride)   is  brought  into  contact  with  nascent  hydrogen,  generated  by  a  J 
mixCure  of  ^inc  and  dilute  sulphuric  or  hydrochloric  acid.     Taking  the  above>i 
mentioned  substance,  the  reaction  would  be  : — 

AsjOs  +  6H,  =  sAsHj  +  jH^O. 
hiixed  with  excess  of  oxygen,  and  an  electric  spark  passed,  it  cxploc 
fbniUDg  anenious  anhydride  and  water. 

2AsH,  t  3O,   =    AsjOj  +  aHp. 
4  vols.      6  vols. 


^ 
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The  fact  that  arsenic  in  the  state  pf  vapour  only  occupies  half  the  space  of 
an  atom  of  hydrogen,  shows  that  two  volumes  (one  molecule)  of  arseniuretted 
hydrogen  must  contain  three  volumes  of  hydrogen  and  half  a  volume  of 
arsenic. 

When  a  light  is  applied  to  the  gas  as  it  issues  from  a  jet,  it  takes  fire,  and 
bums  with  a  long,  narrow,  greenish  flame,  producing  copious  fiimes  of  arsenious 
anhydride. 

Arseniuretted  hydrogen  is  decomposable  by  heat ;  and  when  a  current  of  it 
is  passed  through  a  tube  heated  to  dull  redness,  a  dark  ring  of  metallic  arsenic 
is  deposited  inside  the  tube. 

When  compounds  containing  antimony  are  brought  into  contact  with  zinc 
and  dilute  sulphuric  acid,  a  very  similar  gas  is  produced,  called  antimoniuretted 
hydrogen  (SbHg).  In  general  behaviour,  this  latter  gas  is  extremely  like 
arseniuretted  hydrogen,  except  that  it  is  inodorous,  and  its  flame  has  a  bluish 
tint  These  two  gases  may  be  readily  distinguished  by  passii^  them  into 
solution  of  argenic  nitrate,  when  the  arseniuretted  hydrogen  will  become 
decomposed,  forming  arsenious  acid,  which  will  remain  in  solution ;  while  the 
chief  product  of  the  decomposition  of  the  antimoniuretted  hydrogen  will  be 
argentic  antimonide,  which  will  deposit  In  the  case  of  arseniuretted  hydrogen, 
the  reaction  is : — 

aAgNOg  +  3H2O  +  AsHg  =  6HN08  +  HgAsOj  +  3  Ag^. 

With  the  antimoniuretted  hydrogen,  the  following  decomposition  occurs  : — 

3  AgNOj  +  SbHg  =  3HNO8  +  AgjSb. 

Another  very  marked  distinction  consists  in  the  fact,  that  while  arseniuretted 
hydrogen  is  evolved  on  adding  arsenical  solution  to  a  heated  mixture  of  zinc 
and  solution  of  potassium  hydrate,  it  is  not  possible  to  produce  antimoniu- 
retted hydrogen  in  that  way.  This  is  sometimes  attributed  to  the  fact  that 
the  antimony  compounds  are  thrown  down  in  an  insoluble  form  by  the  action 
of  the  alkali,  and  so  it  is  prevented  from  combining  with  the  nascent  hydrogen ; 
but  the  true  explanation  is  doubtless  to  be  found  in  the  much  greater  sta- 
bility possessed  by  the  oxides  of  antimony  over  those  of  arsenic. 

\Vhen  arseniuretted  hydrogen  is  passed  into  a  solution  of  a  cupric  salt,  it 
deposits  cupric  arsenide  : — 

6CUSO4  +  4AsHs  =  6H2SO4  +  2CusAs2. 

It  acts  generally  as  a  reducing  agent ;  and  when  passed  into  a  mercuric 
solution  it  produces  the  corresponding  mercurous  salt,  and  deposits  metallic 

arsenic  : — 

6HgCl3  +  2  AsHg  =  3Hg2Cl2  +  6HC1  +  Asg. 

In  addition  to  the  gaseous  compoimd  just  described,  a  solid  hydride  of 
arsenic  has  been  prepared,  to  which  the  formula  As^Hj  has  been  assigned 
The  remaining  metallic  arsenides  are  of  no  great  interest  to  pharmacists. 

ABSENIOIJS    ANHTDRIDE    (Syns.   Anhydrous  Arsenious  Acid.     Acidum 
Arseniosum.   White  Arsenic),  Formula,  AsgOg.  Molecular  Weight,  198. 
Vapour  Density,  referred  to  Hydrogen^  188.     Theory ^  198. 
Vapour  Density,  referred  to  Air^  13.    Specific  Gravity,  3-6  to  3*7. 

Is  obtained  during  the  roasting  of  arsenical  iron  pyrites,  and  other  ores 
containing  arsenic.  The  metal  volatilizes,  combines  with  the  oxygen  of  the 
air,  and  deposits  as  arsenious  anhydride  in  long  tubes,  or  in  chambers,  provided 
for  the  purpose.  The  deposit  consists  of  the  anhydride  in  a  very  finely- 
divided  state,  called  by  the  workmen  flour  of  arsenic.    This  is  submitted  to 


resublinialioD,  and  the  sublimate  received  in  cylinders,  where  it  collects  in' 
masses,  whicli  are  broken  up  and  sold  as  vUnous  arsenic 

These  lumps  grBdiially  lose  their  gUssy  appeanuice,  and  become  like  masses 
of  porcelain,  but  usually  retain  here  and  there  streaks  of  the  vitreous  ai 
anhydride  which  has  not  suffered  alteration.     Vitreous  arsenious  anhydride  id 
amorphous  ;  but  when  it  becomes  opa<]ue  and  porcelain -like,  it  changes  (ol 
ttic  crystalhne  form,  and  is  then  found  to  crystallize  in  octahedra,  and  whcu 
sublimed  in  a  small  tube  it  deposits  as  a  white  ring  of  opaque  crystals  havinu 
that  form.     The  specific  gravity  of  the  vitreous  anh)-dride  is  3-78  and  of  th^ 
crystalline,  3'68,      The   former  variety  is  also  soluble  in   25  i*'"^'*  "^  cold" 
water,  while  tlie  latter  requires  80  parts  of  the  same  menstnium.     Both  an 
insoluble  in  ether,  and  only  slightly  soluble  in  alcohol ;  but  while  the  format 
dissolves  better  in  strong  than  in  dilute  spirit,  the  case  Is  just  reversed  \  '  '' 
the  latter. 

Arsenious  anhydride  is  called  (but  erroneously)  acidum  u 
B,P.,  and  is  thus  described  by  that  authority  : — 

Occurs  as  a  heavy  white  powder,  or  in  sublimed  masses  which  usually  present! 
a  Stiatitied  appearance,  caused  by  the  existence  of  separate  layers  diiTerinf^ 
from  each  other  in  degrees  of  opacity.     When  slowly  sublimed  in  a  glass  tube 
it  forms  minute  brilliant  and  transparent  octahedral  crystals.     It  is  sparingm 
soluble  in  water,  and  its  solution  gives  with  ammonio-nitrate  of  silver  a  conar 
vdlow  precipitate  insoluble  in  water,  but  readily  dissolved  by  ammouia  an 
bjr  nitric  acid.     Sprinkled  on  a  red-hot  coal,  it  emits  an  alliaceous  odour,     id 
is  entirely  volati!i/ed  at  a  temperature  not  exceeding  400°  F, 

\Fsr  analysis,  j«  ^aMcr'j  Analytical  Chemirtrj, /lyY  loj.) 

Arsenious  anhydride  is  an  exceedingly  jiowerful  poison,  the  antidotes  to  which  1 
on  calcium  hydrate,  magnesium  oxide,  and  ferric  hydrate,  the  latter  l>eing  by  J 
fiu  the  best.     All  three  act  by  forming  insoluble  arsenitus,  the  ferric  arsenitc  J 
being  the  least  easily  dissolved.     {For  partuulan  of  Ihe  conditions,  for  tuxVy 
firrit  ^'dratf.  ste  Ferric  Arsenite.) 

An  aqueous  solution  of  arsenious  anhydride,  in  conse<]uence  partly  of  it 
sparing  solubility  in  cold  water,  displays  only  a  slighdy  acid  behaviour  toward 
litmus  paper,  and  docs  not  possess  any  marked  taste.  If  it  be  healed  with 
NaJtfiux,  or  a  mixture  of  potassium  cyanide  and  sodium  hydrocarbonatc,  < 
stni|>ly  powdered  charcoal,  arsenic  is  evolved,  and  condenses  oti  the  cool  pa 
(rf  ine  vessel  as  a  metallic  coaling.  When  cupr-ammonium  sulphate  is  added ^ 
to  the  solution,  green  cupric  arsenite  falls.  {For  other  tetti,  see  Arsenitiretted. 
Hyirogea.) 

When  cop]>er  is  boiled  with  strong  hydrochloric  acid,  arsenious  anhydride,  J 
and  water,  a  deposit  of  cupric  arsenide  is  formed  upon  the  metal ;  and  it  is  o»M 
this  fact  that  /innth't  test  depends  for  its  success.  The  dei>osit  is  decom]>o5edl 
by  heating  in  an  open  tube,  when  it  gives  rise  to  a  sublimate  of  mJnuteV 
octahcdra  of  arsenious  anhydride,  M 

The  addition  of  a  mineral  acid,  especially  hydrochloric,  augments  greatly  ^ 
the  solubility  of  arsenious  anhydride  in  water.  ^Vhen  a  solution  of  the 
vitTCOiis  variety  is  made  in  boihng  dilute  hydrochloric  acid,  and  allowed  10  ' 
CTyi>:talli/e  in  the  d.irk,  the  production  of  the  crj'stals  is  observed  tu  take  place 
accompanied  by  a  small  flash  of  light.  This  effect  is  more  visible  if  the 
oyslaiiiMtion  be  hastened  by  shaking  the  vessel.  Arsenious  anhydride  is 
also  very  soluble  in  solutions  of  alkaline  carbonates,  and  both  these  facts  a~  ~ 
taken  advantage  of  in  the  following  B.P.  preparations: — 

I.  Liquor  Anetiiei Hydroehhriais.   Prepared  by  boiling  80  grains  of  arsenioui  ' 
anhydride  in  four  ounces  of  water  with  i  drachms  of  hydrocJiloric  acid,  and 
nutking  uj)  to  1  pint  with  water. 
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Thus  made,  Liquor  Arsenid  Hydrochloricus  is  a  colourless  liquid,  having  an 
acid  reaction.     Specific  gravity,  1-009. 

When  arsenious  anhydride  is  boiled  with  water  and  hydrochloric  acid  in 
anything  like  the  proportions  recommended  above,  no  combination  occurs. 
The  only  mode  of  causing  the  two  bodies  to  unite,  is  to  distil'  them  without 
diluting  the  acid  in  the  least 

2.  Liquor  Arsaiicalis  (Syn.  Fowler's  Solution),  Prepared  by  placing  80 
grains  of  arsenious  acid  and  carbonate  of  potash  respectively  in  a  flask  with 
ten  ounces  of  the  water,  and  applying  heat  until  a  clear  solution  is  obtained. 
Allow  this  to  cool.  Then  add  5  fluid  drachms  of  compound  tincture  of  lavender, 
and  as  much  distilled  water  as  will  make  the  bulk  one  pint.  The  result  is 
a  reddish  liquid,  alkaline  to  test-paper,  and  having  the  odour  of  lavender. 
Specific  gravity,  i  '009. 

Made  as  thus  directed,  liquor  arsenicalis  is  simply  a  solution  of  arsenious 
anhydride  in  potassium  carbonate.  If,  however,  the  solution  were  stronger 
and  the  boiling  continued  longer,  a  compound  could  be  formed,  having  the 
formula  2KH2ASOJJ.AS2O8. 

Arsenious  anhydride  is  estimated  according  to  the  B.P.  by  means  of  volu- 
metric solution  of  iodine.  This  solution  acts  as  an  indirect  oxidizer,  converting 
it  into  arsenic  acid,  the  following  reaction  occurring : — 

AsgOg  +  5H2O  +  2I2  =  2H3ASO4  +  4HI. 

Thus  it  is  plain  that  one  molecular  weight  of  arsenious  acid  represents  four 
atomic  weights  of  iodine. 

{Ste  Volumetric  Quantitative  Attafysts,  in  Author's  Analytical  Chemistry, //j^  157.) 

Arsenious  anhydride  is  supposed  to  form  arsenious  acid,  H3ASO3,  in  con- 
tact with  water ;  but  the  acid  has  not  been  isolated. 

Displacement  of  its  hydrogen  by  basylous  radicals  produces  a  class,  of  salts 
called  arsenites,  of  whidi  there  are  several  varieties,  as  in  the  case  of  phos- 
phites and  phosphates.     Thus  we  have  (M,  being  any  monad  metal) : — 

Arsenites Mj'AsOjj"'. 

Pyroarsenites      .         .         .         .         .         .         .     ^^hs^O^^, 

Metarsenites M'As02'. 

The  different  salts  known  as  arsenites  are,  however,  insufficiently  defined 
to  render  it  convenient  to  establish  the  distinction  which  is  theoretically 
desirable.  Ammonium  arsenite  in  solution  is  entirely  decomposed  by  evapo- 
ration, the  acid  being  deposited  in  a  pure  condition,  and  ammonium  hydrate 
being  evolved.  Potassium  and  sodium  arsenites  are  alkaline  in  reaction 
whatever  may  be  the  amount  of  the  arsenious  anhydride  they  contain. 
Calcium,  strontium,  and  barium  oxides  form  soluble  salts  on  boiling  with 
arsenious  anhydride  (in  excess)  and  water.  On  acting  upon  the  solutions 
thus  produced  with  the  hydrates  of  the  same  metals,  hydrato-  (or  oxy-)  salts 
are  produced,  soluble  like  the  hydrates  in  salts  of  ammonium,  and  also  in 
acids.  Silver,  magnesium,  and  dyad,  triad,  tetrad,  pentad,  and  hexad  metals 
form  insoluble  arsenites,  all  of  which  may  be  procured  by  precipitation,  except 
when  ammonium  salts,  free  hydrochloric  acid,  and  in  some  cases  free  acetic 
acid,  are  present. 

{For  detection  of  Arsenites y  see  Author's  Analytical  Chemistry, /fltf^  71.) 


CUFEIC  ABSENITE  (Syn.  Schcelis  Green),  Formula,  CuHAsOs  or  CU32A8O3. 
One  or  other  of  these  two  bodies  is  precipitated — 
I.  When  an  alkaline  arsenitp  is  mixed  with  a  cupric  solution: — 

KjHAsOj  +  CuSO^  =  CuHAsOg  +  KgSO^. 
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r,  When  solution  of  pure  atseniotia  acid  is  treated  with  cupiammonium 
sulphate  free  from  excess  of  ammonia.  This  reaction  is  best  perfonned  by 
adding  a  little  cupric  sulphate  to  the  suspected  solution  of  atsenious  acid,  and 
then  dropping  in  very  dilute  ammonium  hydrate  with  great  care  until  the 
pKcipitaie  forms. 

Tk  second  of  the  two  greens  is  the  brighter  in  colour,  and  both  are 
soluble  in  the  least  excess  of  acid  or  alkali.  A  solution  in  excess  of  potassium 
hydrate  alters  rapidly,  depositing  cuprous  hydrate,  and  lea\-ing  potassium 
vscmic  ia  solution,  the  arsenJous  acid  oxidizing  itself  at  the  expense  of  the 
cupric  salt. 

A  modification  of  Scheele's  green,  commonly  termed  Schweinfiirth,  mills,  or 
hnperinl  green,  and  when  not  so  pure,  Brunswick  green,  is  prepared  by  boil- 
ing «rtligns  with  arsenious  acid  and  water.  It  is  truly  a  cupric  acetometar- 
ttnile,  and  is  much  employed  for  colouring  wall  papers,  to  the  detriment  of 
iheheallhof  persons  inhabiting  the  rooms  so  ornamented.  This  poisouous 
effect  is  doubtless  owing  to  minute  particles  detaching  themselves  from  the 
papu  and  fioating  in  the  aii.  The  dangers  of  arsenical  wall  papers  are  un- 
doubled,  although  perhaps  somewhat  exaggerated  in  the  minds  of  many, 

fsmm  0X7ASSENITS.    Formula,  Indefinite. 

Is  most  probably  the  compound  the  formation  of  which  renders  ferric 
hydrate  the  most  valuable  antidote  to  arsenical  poisoning.  For  this  purpose 
fbutleen  parts  of  ferric  hydrate  must  be  employed  to  one  part  of  the  arsenious 
>nhydride  supposed  to  be  present.  Areenious  anhydride  does  not  combine 
nih  iht  ferric  hydrate  unless  freshly  prepared ;  and  it  is  therefore  always 
jdvisable  to  produce  it  at  the  instant  of  administration.  Because  of  the 
pil^livc  power  of  magnesium  salts  tending  to  work  off  the  insoluble  ferric 
oiiyaiVinite,  it  is  best  to  precipitate  the  ferric  hydrate  with  magnesium  oxide 
[fMffieiia,  B.P.)  or  magnesium  oxycarbonate  which  has  been  heated  until  a 
pwuon  only  is  converted  into  oxide.  Sodium  or  potassium  hydrates  or 
'•'bonates  may  also  be  used ;  but  ammonium  hydrate  must  not  be  employed, 
'•''Wiie  of  the  marked  solubility  of  the  ferric  oxyarsenJte  in  ammoniacal  salts. 
Ati^uarier  of  an  ounce  of  magnesium  oxide  (or  three  times  the  quantity  of 
wdinaty  washing  soda  in  crystals)  will  take  two  or  three  times  its  amount  of 
•"S  official  liquot  fcrri  pcrehloridi  fortior,  and  will  render  innocuous  a  dozen 
pains  or  more  of  the  arsenious  anhydride. 

*^HIC   ANHYDRIDE   (Svns.    AnMrous    Arsmic  Add.      Pmtoxide  oj 
Arsfiiie).    Fonnnla,  AsjOj.    Uoleculai  Weight,  230. 

^s  prepared, — 

'■  %  strongly  heating  the  arsenic  acid. 

■j-  oy  heating  arsenious  oxide  with  nitric  acid,  and  decomposing  the  arsenic 
^«  formed  at  a  high  temperature. 

j^.^y  evaporating  to  dryness,  and  heating  the  residue  of  a  solution  of 
^*""OUs  oxide  through  which  chlorine  gas  has  been  passed.     The  reaction 
•"^  last  case  would  be  :— 

I.  AsaOa  +  sHjO  +  aCla  =  jH,AsO,  +  4HCI. 
s.  aHjAsO^  =  AS3O6  +  3HA 

strong  red  heat  splits  up  arsenic  anhydride  into  arsenious  anhydride  and 
""►  the  former  at  the  same  time  volatilizing.    Thus  no  residue  is  left. 
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HTDBOQEir    ABSEIHATE    (Syn.    Arsenic    Acid).       Forxnulai   H3ASO4. 
Molecular  Weight,  142. 

May  be  prepared 

1 .  By  dissolving  arsenious  anhydride  in  nitric  acid,  evaporating  to  dryness, 
and  moistening  with  a  little  more  nitric  acid,  in  or^er  to  ensure  complete  con- 
version.    The  reaction  would  be : — 

AsgOj  +  2H3O  +  2HNO8  =  2H8ASO4  +  NgOg. 

2.  By  passing  chlorine  into  a  solution  of  arsenious  anhydride,  when  the 
decomposition  represented  under  arsenic  anhydride  occurs. 

3.  When  a  solution  of  iodine  acts  upon  arsenious  anhydride,  likewise  in 
solution,  the  action  being : — 

AsjOs  +  S^fi  +  2I2  =  2H8ASO4  +  4HI. 

4.  When  hydrochloric  and  nitric  acids  are  unitedly  made  to  oxidize  arseni- 
ous anhydride,  the  hydrochloric  acid  converting  it  into  arsenious  chloride, 
and  the  nitric  acid  transforming  the  greater  part  of  this  into  arsenic  acid. 
The  two  steps  will  be : — 

1.  - AS2O3  +  6HC1  =  2ASCI3  +  3H2O. 

2.  2 AsClj  +  5H2O  +  2HNO8  =  2H8ASO4  +  NjOj  +  6HC1. 

The  solutions  obtained  in  the  above  modes  deposit,  at  the  ordinary  atmo- 
spheric temperature,  crystals  containing  one  molecule  of  water  of  crystallization, 
which  are  very  deliquescent,  and  consist  of  prismatic  and  transparent  platesc 
If  these  be  fused  at  212°  F.  they  yield  the  true  acid,  HjAsO^.  At  about 
300^  F.  this  acid  gives  off  half  an  equivalent  of  water,  and  yields  p)rroarsenic 
acid,  thus : — 

2H3ASO4  =  H4AS2O7  +  H3O. 

Unlike  the  tri-hydrated  acid,  the  solution  of  this  acid  (p)rroarsenic)  in  water 
is  attended  with  considerable  development  of  heat.  At  403°  F.  pyroarsenic 
acid  yields  a  salt-like  mass  of  HAsOg  (metarsenic  acid).  Arsenic  acid  is 
strongly  corrosive,  and  attacks  the  cuticle,  producing  blisters.  It  is  employed 
in  dyeing  to  set  free  chlorine  from  calcyl  chloride.  A  mixture  of  arsenic  acid 
and,  gum  is  painted  in  patterns  upon  a  coloured  article,  and  when  this  is 
immersed  in  what  is  termed  "  the  chloride  of  lime  vat,"  the  chlorine  set  free 
by  the  acid  bleaches  the  part  of  the  material  which  has  been  thus  treated. 

Arsenic  acid  and  arseniates  are  less  powerful  as  destroyers  of  life  than  the 
arsenites  and  arsenious  acid.  Although  arsenic  acid  resembles  phosphoric 
acid  in  many  particulars,  it  differs  from  it  in  the  ease  with  which  the  products 
of  the  action  of  heat  upon  it  (arsenic  anhydride,  metarsenic  acid,  and  pyro- 
arsenic acid)  take  up  water,  re-forming  the  true  or  ortho-acid.  Pure  arsenic 
acid  in  solution  acts  upon  iron  and  zinc  exactly  like  dilute  sulphuric  acid, 
liberating  hydrogen,  but  in  the  presence  of  an  acid  it  is  advisable  to  employ 
an  alkaline  acetate,  so  that  the  only  free  acid  may  be  acetic,  in  which  arseniates 
do  not  as  a  rule  dissolve.  An  example  of  this  is  seen  in  the  manufacture  of 
ferri  arsenias,  B.P. 

Arseniates  require  the  addition  of  hydrochloric  acid  to  their  solutions,  pre- 
vious to  forming  a  precipitate  with  sulphuretted  hydrogen ;  and  the  gas  must 
be  passed  for  a  long  time,  as  precipitation  does  not  occur  until  the  whole  is 
first  reduced  to  the  arsenious  condition. 

A  great  analogy  obtains  between  arseniates  and  phosphates,  and  also  be- 
tween arsenic  and  phosphoric  anhydrides,  both  of  which  may  be  used  to  pro- 
duce many  anhydrides  of  "  organic  "  acids,  owing  to  their  powerful  affinity 
for  water.      The  crystallizable  salts  of  the  two  radicals  are  isomorphous. 
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Thus  there  are  two  salts  of  sodium  containing,  tespectivdy,  twelve  and  svd 
molecules  of  n-ater  of  crystallization. 

These  are— 
Disodinm  OrtliophoBphfttes : — 

Na^HPO^iaHjO,  and  NajHPO^jHjO. 

Wilh  which  are  compara'ble — 
Disodinm  Orthoaxseniatea : — 

NagHAsO^.iiHjO,  and  Na3HAsOj.7HjO. 

Both  of  the  izHjO  salts  form  prismatic  crystals,  the  arrangement 
seven-molecule  salt  being  rhombic. 

AU  neutral  arseniates  give  a  brick-red  precipiiate  with  argentic  nitraK^rl 
which  serves  to  distmguish  them  from  either  arseniies  or  phosphate: 

{t'ltr  dctatisn  an.i  n/iaratioH  of  Aritiiinlfs,  it*  AulAor'i  AiuljtiMl  Ch<mimy.fiagf]l.)    . 

CIAKUONnm  H7DR06EN.AK8EKIATE  (SvM.  Arscniate  of  Ammoniu4, 
Fonnnla,  (NHJ.HAsO,. 
Is  produced  by  adding  ammonium  hydrate  to  arsenic  acid  to  slight  alb 
reaction : — 

HjAsO.-f-aNH^HO  =  (NHJjHAsO^-i-iHjO. 
The  solution  cannot  be  evaporated  by  heat  without  decomposition  aitd'l 
•production  of  monammonium  hydrogen-arseniate,  NH^H^AsO^,  so  sponUfl 
neous  deposition  of  crystals  must  be  allowed  to  take  place  by  simply  expo«iiij'l 
the  solution  to  the  air  in  a  warm  place.  These  crystals  themselves  dccont^'fl 
pose  by  exposure  to  the  air,  becoming  efflorescent  and  evolving  ammonia  gas,  ¥ 
The  solution  of  diammonium  hydrogen-arseniate  may  be  often  used  vitb  I 
ad\'antage  in  analysis,  instead  of  the  corresponding  disodium  hydrogeo-l 
phosphate,  as  a  precipitant  for  magnesium.  \Vhen  evaporated  to  dryness  and  I 
nested,  it  entirely  decomposes  into  a  set  of  volatile  producu,  via.,  nitrogen,  J 
ammonia  gas,  arsenic,  and  water. 

DISODItTM  HTDROOEN-ARSENUTK    (Svn.   Soda  AisftUas).     Formta 
Na^HAsO^.    Uolecnlar  Weight,  186. 
Is  |>repared  by  fusing  together  arsenious  anhydride,  sodium  carbonate,  i 
sodium  nitrate,  forming  sodium  pyroarseniate  ; — 

AsjOj  +  Na,CO,  -f  iNaNOg  =  Na.AsjO-  +  N,0,  -^  CO,, 
uid  llien  pouring  out  while  fused  on  a  slab,  and  when  cool  boiling  the  residue 
widi  water : — 

Na..\SjOj-n5H,0  =  2(Na,HAsO,7H30) 

(the  official  crystallized  salt). 

Se4e  Arsftiias.  B.P.,  is  in  colourless  transparent  prisms  soluble  in  water,  tfael 

■oltition  being  alkaline.     Heated  to  300°  it  loses  4038  per  cent,  of  its  weight  f 

{Far  analysii,  itt  Aulkar'i  Analj^eal  ChcnUttij,  f<<tgt  105, ) 

The  Pharmacopccial  crystallized  salt,  though  nominally  containing  7H,0(J 
is  sometimes  liable  to  be  contaminated  with  a  salt  of  la  equivalents  of  water  | 
of  o^i^iallizaiion,  and  consequently  suffers  a  considerable  deterioration  tn  ^ 
strength.  Roughly  speaking,  the  percentage  of  As  would  be  reduced  b>'  the  1 
entire  substitution  of  the  latter  for  the  fonncr  from  14  to  18-5.  The  difiFerence  J 
in  the  amuuni  of  water  in  NaiH-\sOj.i2H,0  and  Najl-IAsO,.7H„0  b  U   ' 
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between  5373  and  40*39  per  cent  For  this  reason  the  official  solution  of 
disodium  arseniate  {liquor  soda  arseniatis)  consists  of  four  grains  of  the 
anhydrous  NagHAsO^  dissolved  in  an  ounce  of  distilled  water.  The  heat  of 
300°  F.  employed  to  dehydrate  the  crystals  does  not  convert  the  residual  salt 
into  pyroarseniate,  a  temperature  of  390°  to  400**  F.  being  required  to  eflfect  this 
change. 

TBIAEGEKTIC  ABSENIATE  (SvN.  Arsmiate  of  Silver).  Formula,  AgjAsO^. 

Is  the  chocolate  precipitate  produced  by  all  soluble  arseniates  in  argentic 
nitrate  solution,  or  by  the  free  acid  in  solutions  of  argent-ammonium  nitrate, 
also  during  the  volumetric  estimation  of  disodium  arseniate.  It  dissolves  in 
excess  of  ammonium  hydrate,  and  in  acetic  and  nitric  acids,  whilst  hydro- 
chloric acid  converts  it  into  chloride.  It  is  distinguished  from  argentic 
arsenite  by  its  colour  and  by  not  leaving  metallic  silver  when  heated. 

CALCIUM  HTDBOGEK-ARSEKIATE.     FormTda,  CaHAsO^,  and     . 

BARIUM  HTDBOaEN-ABSEKIATE.    Formula,  BaHAsO^. 

Are  the  white  precipitates  produced  on  adding  calcium  and  barium  chlorides 
respectively  to  disodium  arseniate,  the  formation  of  which  constitutes  two  of 
the  B.P.  tests  for  that  body.  As  produced  in  this  manner,  they  frequently 
contain  more  or  less  of  the  trimetallic  salts.  The  former  is  found  native, 
being  contained  in  the  minerals  pharmacolite  and  haidingerite. 

MAGNESIUM  AMMONIUM  ABSENIATE    (Syn.    Ammonio  Arseniate  of 
Magnesia).     Formula,  MgNH^AsO^. 

Is  formed  in  magnesian  solutions  by  a  mixture  of  a  soluble  arseniate  and 
ammonium  hydrate.  Like  magnesium  ammonium  phosphate,  it  is  a  white 
crystalline  precipitate  almost  insoluble  in  a  weak  solution  of  ammonium 
hydrate,  but  dissolving  in  pure  water  slightly.  When  precipitated  it  contains 
Mg(NH4)As04.6H20,  but  by  drying  at  212°  F.  the  formula  becomes 
2Mg(NH4)As04.H20  (molecular  weight,  380). 

ZINC  ABSENIATE.  Formula,  Zn32A804. 

A  white  precipitate  formed  on  adding  zinc  sulphate  to  disodium  arseniate, 
according  to  the  reaction  stated  in  the  B.P. 
The  decomposition  is  rather  complex,  being : — 

4Na2H  AsO^  +  4ZnS04  =  Zn82As04  +  ZnH^2  AsO^  +  4Na2S04. 

The  latter  salt  is  soluble,  the  former  being  that  which  falls  as  the  pre- 
cipitate. In  the  presence  of  a  little  ammonium  or  sodium  hydrate,  the  whole 
is  converted  into  the  trimetallic  salt,  thus  : — 

2Na2HAs04  +  3ZnS04  +  2NaH0  =  Zn32  AsO^  +  3Na2S04  +  2H0O. 

TBICUPBIC  ABSENIATE    (Syn.  Arseniate  of  Copper),   Formula,  CU32A8O4. 

A  green  precipitate  falling  from  a  solution  of  cupric  sulphate  or  cupr- 
ammonium  sulphate  upon  the  addition  of  a  soluble  arseniate.  The  reaction 
with  the  first  salt  and  the  ordinary  disodium  arseniate  is  the  same  as  that  with 
the  latter  body  and  zinc  sulphate.  In  the  case  of  the  addition  of  cupr- 
ammonium  sulphate  no  acid  salt  is  formed,  but  if  enough  be  added  all  the 
arseniate  falls.  There  are  six  minerals  in  which  cupric  arseniate  is  contained, 
euchroite  and  olivenite  being  the  most  important. 
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TRIFEBBOnS  ABSEITIATE    (Svn.  Ferri  An 


FonnnlB,  7ei2Aa0f 


Results  from  mixing  a  solution  of  ferrous  sulphate  with  sodium  acetate  aD± 
disodium  arseniate,  washing  the  precipilate,  and  diyiog  at  a  temperature  n^ 
exceeding  loo*^  Fahr,     The  reaction  is  : — 

jFeSO,  +  aNa^HAsO,  +  aNaaHjOj  =  FcsaAsO,+ zHCjH303  +  3N3yS04..l 
In  consequence  of  the  loss  of  arseniatc  which  would  occur  if  a  simila 
reaction  to  that  represented  under  :/nf  arseniate  were  allowed  to  take  plac 
(riz.,  the  formation  of  a  soluble  ferrous  hydrogen-arseniate),  sodium  acetate  3 
added  to  prevent  such  an  action.  It  does  this  by  giving  up  its  sodium  to  th( 
spare  molecule  of  SO^  and  thus  liberating  acetic  acid,  in  which  the  Uifetioi 
aneoiate  is  not  soluble.  It  has  been  stated  that  the  addition  of  tlic  accia] 
prevents  the  formation  of  free  sulphuric  acid,  but  such  a  reaction  could  n 
lake  plaoc  in  the  presence  of  a  neutral  arseniate.  The  real  fact  is  doiibtlca 
that  it  prevents  ihe  production  of  ferrous  hydrogen-arseniate  (FeHAsO,?), 

Ferri  Arseniat  is  a  tasteless  amorphous  powder  of  a  green  colour,  insolubn 
in  water,  but  readily  dissolved  by  hydrochloric  acid.  Boiled  with  an  t 
of  sodium  hydrate,  it  is  converted  into  ferroso-ferric  hydrate,  and  sodiin 
arseniate  passes  into  solution. 

When  first  precipitated,  the  salt  is  white ;  but  by  exposure  to  the  ! 
becomes  greenish,  owing  to  the  formation  of  ferric  oxyarscniatc. 
{For  rmaiyiis,  ut  AutAfr's  kotij&eti  CtiatdBOj,  /agi  io6.) 
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ABSEHIOUS  CHLORIDE.    Formula,  AsCI^. 

Is  produced  (accompanied  by  a  flash  of  light)  when  powdered  arsenic  ia 
dropped  into  chlorine,  and  is  usually  prepared  by  distilling  arsenious  anbydrid<^ 
with  strong  hydrochloric  acid.  It  is  a  colourless,  volatile,  and  very  poisonoui 
liquid,  H  hich,  in  contact  with  water,  forms  arsenious  and  hydrochloric  acids.  1 

ASSENtODS  IODIDE.    Fonnnla,  AbI,. 

Is  a  deep-red  crystalline  soUd,  produced  bj?  heating  iodine  with  arsenicJ 
A  bromide  and  fluoride  also  e^iist,  which  are  fluid. 


COMPOUNDS   OF   ARSENIC   WITH    SULPHUR. 
Arsenic  unites  with  itilphar  in  three  proportions,  viz  : — 

AB8ENIC   DISULPfllDE    (Syss.  Realsar.    Rid  Sulphide  of  ArsmU. 
Orpimmt).     Formula,  Ai^j. 

TTiis  body  exists  in  nature  as  crystalline  prismatic  masses  of  a  red  or  orange 
colour,  in  many  parts  of  Europe  (Swiuerland,  Bohemia,  etc.)  and  in  North 
America.  It  bums  with  a  blue  flame,  ptoducmg  sulphiirotis  anhydride  and 
arsFRioun  anhydride.  When  used  for  painting  on  distempered  walls,  it  is  said 
K>  erolve  arsenical  fumes.  It  may  be  prepared  by  heating  arsenious  anhjr- 1 
dride  or  metallic  arsenic  with  sulphur,  in  atomic  proportions  (;;  of  As  and i 
j.ofS).  ■ 


When  a  salt  analogous  to  animoaiuin  sulph}-drate  is  digested  with  arsenic 
disulphide,  byposulpharsemtes  are  prodnced.     Tlie  mosi  ca^j  prepared 


AXUOmiTa  HTPOSULPHABSENTTE.    Foimola,  HH^AsSt. 

Which  deposits  in  brown  grains  on  keeping  a  neulial  sohition  coDtainmg 
aisenic  disulphide  dissolved  in  ammonium  sulphydratc  in  a  dosed  vessel. 
None  of  these  sails  are  of  phaimaceutical  interest 
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AKSENIOnS  8D1PHIDE  (Syns.  Ydlm  Suiphidt  ef  AruHu.  Km£t  Yeihw. 

Auripigmenlum.    Orpimenf).    Formula,  Ab,^. 

Is  the  piecipitate  formed  by  sulphuretted  hydrogen  in  arsenious  solutions. 

In  nature  it  is  found  in  translucent,  yellow,  cleavabte  prisms.     It  ■ata.f  be 

fitsed  and  volatilized  at  a   high  temperature  without  decomposition.     The 

native  article  often  contains  more  arsenic  than  the  formula  would  indicate, 

and  it  is  therefore  a  dangerous  preparation  which  is  rarely  used. 

It  is  insoluble  in  boiling  solution  of  hydrogen -potassium  tartrate  and  in 
hydrochloric  acid 

When  treated  with  cold  potassium  (or  sodium)  hydrate,   an  analogous 
decomposition  occurs,  as  when  antimonious  sulphide  is  boiled  with  either  of  , 
ihcBC  substances,  namely : — 

4As,S,+  loNaHO  =  6Na(AsSg)  +  aNajHAsOj  +  4HjO. 
(Sodium  meta- 
sulpharsenite.) 

On  adding  an  acid,  however,  the  precipitate  is  pure  arsenious  sulphide;  | 
sulphuretted  hydrogen  being  evolved. 

6Na{AsSsi)  +  iNa^HAsOj  t  loHCl  =  4AsaS3  +  loNaCl  +  6H,0. 


AKHONI0H  SULFEABSENITE.    Formtda,  (NEJ^AbS,. 

Is  the  body  formed  in  the  qualitative  analysis  of  metals  of  the  second  g 
when  the  precipitate  caused  by  sulphuretted  hydrogen  is  digested  in  ammoni 
sulphide.  When  sulphuretted  hydrogen  is  passed  into  a  solution  conia 
arxffl/V  acid  or  an  arsinia(e,3,  precipitate  does  not  form  sometimes  tilt  after  ^ 
lapse  of  some  hours.  This  precipitate  when  formed  is  yellow,  and  i 
when  analyzed  to  the  formula  of  AsjS^.  By  treatment  with  carbon  distilpl 
however  (or  any  other  suitable  solvent),  an  amount  of  sulphur  is  dissolvnl  6 
and  As^Sj  is  left.  ^Ve  therefore  consider  that  the  AsjSj  is  not  a  truly  defi 
arsenic  sulphide,  but  only  a  mixture  of  arsenious  sulphide  and  free  sulphur.  ■ 


CHAPTER  XIII. 
HYDROCARBONS   AND    THEIR    DERIVATIVES. 


Formerly  the  substances  which  are  treated  of  in  this  and  the  succeeding 
chapters  were  viewed  as  being  the  products  of  some  mysterious  influence  called 
"  vital  force,"  and  their  study  was  therefore  separated  from  that  of  the  elements, 
and  classed  as  organic  chemistry.  In  1828,  however,  Wohler  succeeded  in 
making  urea  by  simply  heating  ammonium  cyanate ;  and  subsequently  it  was 
discovered  that  potassium  cyanide  could  be  made  by  passing  nitrogen  over 
carbon  and  potassium  hydrate  heated  to  redness.  This  step  gained,  the  ab- 
solute synthesis  of  urea  from  its  elements,  without  the  aid  of  "  vital  force,"  was 
quickly  accomplished.  Again,  by  passing  the  electric  spark  between  carbon 
points  in  an  atmosphere  of  hydrogen,  acetylene,  CgH^,  was  obtained  : — 

By  acting  on  this  compound  with  nascent  hydrogen,  we  can  get  ethene,  CjH^ : — 

Cgxij  +  Hg  =  CgH^. 

When  ethene  is  placed  in  contact  with  strong  sulphuric  acid,  it  forms  ethyl 
sulphuric  acid : — 

CgH^  +  HgSO^  =  CjHbHSO^. 

Lastly,  by  acting  on   ethyl  sulphuric  acid  with  water,  ordinary  alcohol  is 
formed : — 

C3H5HSO4  +  HgO  -  C2H5HO  +  H2SO4. 

Thus  we  have  another  body  hitherto  only  produced  by  fermentation,  and  the 
very  existence  of  which  was  supposed  to  be  due  to  vital  force,  made  directly 
from  purely  inorganic  constituents.  In  thus  doing  away  with  the  term  organu 
bodyy  the  student  must  note  that  the  true  organized  bodies^  such  as  animal  and 
vegetable  tissues,  still  femain  a  distinct  group  unproduceable  without  the  aid 
of  the  vital  force. 

A  marked  property  of  many  of  these  bodies  is,  that  they  are  isomeric  with 
each  other,  />.,  having  a  similar  percentage  composition,  but  differing  in  pro- 
perties. Isomeric  bodies  (uros,  equal ;  ficpos,  part)  may  be  in  turn  classified 
as  follows  : — 

1.  Truly  isomeric:  this  name  is  given  to  bodies  which,  differing  only  in 
physical  properties  y  undergo  exactly  similar  decompositions  when  submitted  to 
the  action  of  other  bodies  or  of  heat  Examples  :  the  volatile  oils  of  lemon 
and  of  turpentine. 

2.  ICetameric  bodies  (/icra,  beyond ;  a  changed  condition)  are  those  which, 
while  they  are  alike  in  percentage  composition  and  molecular  weight,  yet 
undergo  different  decompositions  by  the  action  of  reagents. 
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3.  Polymeric  bodies  aie  those  which,  although  diflering  in  molecoW  weight, 
have  an  analogous  percentage  composition.  This  is  most  characteristic  of  a 
certain  series  of  hydrocarbons  which  are  all  polj-meric  (iroAis,  many ;  ftcpot, 
part)  with  methene,  CHj. 

In  order  to  see  the  beautiful  regularity  and  simplicity  of  the  compounds  of 
carbon  and  hydrogen,  we  must  first  glance  at, — 

I.  Somologoaa  «nd  Isologooa  Series  of  Hydrocarbons. 

It  has  been  already  shown  Csee  page  136)  thai  the  atom  of  carbon  can  fonn 
_  A  endless  variety  of  compounds,  commencing  with  CH,  and  increasing  by  a 
constant  addition  of  CH^,  and  that  such  a  series  is  called  homologous  and 
each  series  is  represented  by  a  typical  formula.  The  ordinary  saturated  series, 
having  the  formula  C.H^^^j,  can  lose  a  molecule  of  hydrogen,  and  so  give 
birth  to  another  series  having  the  formula  C„H^.  This  giving  up  of  hydiogea 
may  be  carried  on  through  many  more  degrees;  but  the  following  table  shows 
the  chief  series  thus  constituted. 

The  nomenclature  is  obtained  by  uniting  a  prefix  of  "  meth,  eth,"  etc,  whtch 
indicates  the  number  of  carbon  atoms,  and  an  affix  of  "ane,  ene,  iae,"  etc, 
which  indicates  the  series,  thus ; — 


TjpleBlfoTOttl*. 

<1H,.'+, 

C.H,. 

.Ine. 

.one. 
CJL.-. 

.noe. 

Melh.  ...  C 

..  CH,     . 

.  CH, 

,.      

,,     _ 

.,      

Eth-     ...  C, 

..  C„Hj 

.  C-H, 

..  CH, 

..      — 

.,      — 

Prop.  ...  C, 

..  c;h, 

.  C^H, 

..  C,H. 

..  C,H, 

„      

But-     ...  C. 

.  C,H„  . 

.  C,H, 

..  C.H. 

..  C,H, 

■  c^. 

Pent-    ...  C, 

..  C,H„  . 

.  C.H„ 

..  C,H, 

..  C,H, 

..  C.H. 

Hex-    ...  C, 

..  C,H„ 

■  C.H,, 

..  C,H„ 

..  C.H, 

..  C.H. 

ftnd  so  on  by  the 

etc     . 

.     etc. 

..    etc. 

..     etc 

..     etc. 

Greek  numerals. 

For  example,  the  formula  of  ethane  being  wanted,  we  consider  that  €lh  ^O 
and  «««=  C„Hj,+3 ;  therefore  Cj  and  H  twice  two,  viz.  four,  and  two  a£ 
=  H|, :  ergo  the  formula  of  ethane  is  CjHg.     By  diligently  studying  and  1 
tering  this  nomenclature,  the  formulation  of  any  body  is  made  perfectly  sim 
Running  down  the  table,  we  have  the  homologoui  series,  differing  by  CH 
and  running  across,  we  have  the  isoh^ous  series,  differing  by  Hj. 

All  members  of  these  series  are  hydrocarbons  of  even  atomicity,  derived  fi 
saturated  vtokcutet  by  the  abstraction  of  one  or  more  molecules  of  hydi 
(pairs  of  hydrogen  atoms).  They  are  all  capable  of  existing  in  the  free  sta 
and  are  known  by  special  names,  such  as  paraffins,  defines,  etc,  as  hereaf 
described. 

n.  Unaatnrated  Hydrocarbon  Radicals  {hasyhus). 

Each  saturated  hydrocarbon,  moreover,  besides  possessing  the  power  C 
r  giving  up  Hj  to  form  other  hydrocarbons  capable  of  free  existence,  < 
also  part  with  single  atoms  of  H,  thus  producing  compounds  of  unei 
atomicity,  which  do  not  exist  in  the  free  state  without  duplication,  and  beh( 
as  tiasylons  radicals.  These  radicals  are  named  by  adding  yl  to  the  nM 
of  the  even  hydrocarbon  from  which  they  are  derived,  except  the  moi 
series  in  which  the  final  ane  is  converted  mxo  yl. 

Taking  a  table  of  the  full  possible  hydrocarbons  thus  obtainable,  with  tl 
prefixes  and  affixes  as  above,  we  have  : — 
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•Si     w                        v-^  ^^  >^  'z:  '3 

, w  a 

c  -§ 

??                                     o        <n        '^  C     CS 

^             :::::::  Is 
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The  radicals  all  behave  like  metals,  and  form  salts  by  displacement  of  the 
hydrogen  of  acids.  Their  chlorides,  bromides,  or  iodides  are  called  haloid 
ethers,  their  oxides  siinple  ethers,  their  hydrates  alcohols,  their  salts  with 
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oxygenated  acids,  con 
hydrocarbons.     For  ex 

Haloid  ether     . 

Simple  ether 

Alcohol     . 

Compound  ether 

Hydride  . 
These  basylous  radical: 


e  corresponding  ' 
*e  have — 


nsd  ethen,  and  their  hydrides  are  th 
iple,  taking  the  monad  radical  ethyl. ' 

.     {C^.W,  ethyl  iodide. 

.     (CjHJj'O,  ethyl exide  {ether,  B.P.). 

.     C5H5HO,  common  alcohol. 

.     Cj\ii.C.iHi0^elhylacilale{acetiectAfr,'B.^.). 


mple,- 


C^Hf^M,  (thane. 

displace  more  or  less  completely  the 
hydrogen  of  ammonia  to  form  ammes ; 


■ tively  pt 

^^V     Each 
^^^    ing  oxyg 


Elhjiammr,  NH,(C.H,)',  or  N  •       .. 
I      H 

When  the  hydrogen  of  ammonia  is  entirely  displaced  by  a  triad  radical,  the 
resulting  compound  is  called  a  nitrU.  The  cyanide!  of  the  monad  series 
may  be  viewed  as  being  the  nitrih  of  the  triad  radical  immediately  abott  in 
number  oj  cari'ons,  thus  :— 

Methyl  cyanide,  (CH,)-CN  -  {CYl^'"'^,  ethenyl  nitril. 
Ethyl  cyanide  (CsHJ'CN  =  {C^U^yH,  proftnyl  nitril. 
It  is  by  this  means  that  we  can  pass  from  any  one  series  to  that  immediately 
above  it  in  complexity  of  carbon. 

The  basyious  radicals  can  unite  with  metals  to  form  saturated  compoui 
capable  of  free  existence,  and  called  organo-metallic  bodies ; 
Example, — 

Zinc  ethyl  .         .         .         (CjH5)j'Zn". 
Lastly,  they  can  replace  part  or  the  whole  of  the  hydrogen  of  phosphtn 
arseniuretted,  and  antimoniurclted  hydrogen,  to  form  bodies  called  1 
dvcly  phospbines,  arsines,  and  stibineB,  thus — 

Triethyl  Phosphine.  P"'(CgHE)3'. 
Triethyl  Slibine,  Sb-'XaHj),'. 


in.  Oxygenated  Hydrocaibon  Radicals  {acid). 
Each  of  the  above-mentioned  monad  basyious  radicals  can  exchange  fi 
atoms  of  their  hydrogen  for  one  of  oxygen,  and  so  give  birth  to  a  correspi "" 
ing  oxygenated  radical,  which  is  also  a  monad.     These  latter  have  been  c 
acid  radicals,  but  somewhat  unforlunalely,  because  it  is  apt  to  cause  c 
with  the  ordinary  acidulous  radicals,  with  which  they  have  no  identity;  and^ 
term  oxygenated  radical  is  therefore  better.     The  new  radicals   thus  Foi 
are  terminated  in  yl ;  and  they  are  called,  not  after  the  name  of  the  1 
radical  from  which  they  are  derived,  but  by  prefixing  a  portion  of  the  naiit 
the  acid  to  which  they  give  birth,  as  will  shortly  be  shown.     Example! 
Buch  radicals  are  found  in  the  following  : — 

Methyl  (CH,)'  gives  birth  to  (CHOy/ormyl. 
Ethyl  (C,H,)'        „  „       (CaHjO)'  acet}/. 

Propyl  (C,Hj)'      „  „       (C^^n^Oy pro/ionyl. 

Butyl  (C^H,)'        „  „       {C^H,0)'  bulyiyl. 

Pentyl  (CiHi,)'     „  „       (CjHgO)'  ZHileryl. 

Dyad  basyious  radicals  can  suffer  two  successive  steps  of  oxidation,! 
thus  produce  two  oxygenated  radicals.     For  example, — 

Ethene  CjHt  by  the  isi  oxidation  forms  CsHjO,  glycollyl. 
„      C,Hj     „       and       „  „     C.O^,  oxalyl. 
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The  resulring  oxygenated  radicals  are  in  this  case  dyads,  following  the 
atomicity  of  the  basyious  radicab  from  which  they  s[)ring.     The  hftloid  Bftlta 
of  the  oxygenated  radicals  are  called  acid  halides,  their  kydridfi  are  termed 
aldehrds,  their  oxuits,  anhydridee  or  anli7drouB  acids,  and  their  hydrata  a 
called  acids.     Thus  we  have : — 

Acetyl  Chloride  C,HsO.Cl,  acetic ckhranhydridt. 

Acetyl  Hydride  CjHjO.H,  acetk  atdekyd. 

Acetyl  Oxide  (CjH,0)^'0'',  acetic  anhydride  {anhydrous  acetie  tuid). 

Acetyl  Hydrate  CjHaO.HO,  acetic  add  {\isMa,i\y  written  HCjHjOJ. 

Like  the  corresponding  basyious  radicals,  the  oxygenated  ones  under  con- 
sideration can  displace  the  hydrogen  uf  ammonia;  but  in  this  cue  the  resulting 
compound  is  called  an  amide.     Example  ■ — 


fC,H 

N.^  H 


H 


Lastly,  the  oxygenated  radical  can  combine  with  the  basyious  radical  imin 
diately  below  it  in  number  of  carbon  atoms,  to  form  a  ketone.    Example  :- 

CHa.aHjO,  acetone. 


17.  Hydrocarbons  on  the  Type  CgH,,^;  or,  Paraffins. 

TTie  members  of  this  series  are  called  parafflna,  because  many  of  them  are  ' 
found  in  ilie  illuminating  oils  sold  3S  felroleum  ax  paraffin.    These  oils  are 
chiefly  obtained  from  North  America,  whcr«  they  rise  from  Ihe  earth  like 
ordioary  water  springs,  and  are  consitlered  to  be  produced  by  the  slow  decay 
of  vegetable  substances  deeply  imbedded  in  the  earth.     Certain  varieties  trf  j 
cannel  coal  and  a  peculiar  mineral  obtained  at  Boghead,  in  SeoUand,  yield! 
paraffin  oil  by  destructive  distillation.  i 

"I'be  series  is  a  long  one,  commencing  with  methane  or  marsh  gas,  CH,J 
already  described  at  page  138,  and  increasing  in  complexity  by  a  rcgutaxa 
addition  of  CHj.     The  lower  members  are  : — 

Methane CH,. 

Ethane  C,Hg. 

Propane C,H^ 

Butane C^Hjo. 

All  of  which  are  gaseous  at  ordinary  temperatures.  Next  we  have  a  scries 
coramcQciug  with  pentane,  CtHj,,  and  ending  with  Ci^H^,,  which  are  liquids 
boiling  at  points  varying  from  90  to  500°  F.,  while  in  some  of  the  heavier 
American  oils  wc  meet  with  still  more  complex  paraffins  boiling  above  600"  F. 
and  solid  at  ordinary  lempcralures. 

All  these  paraffins,  when  subjected  to  the  action  of  monad  metalloids,  give 
up  the  whole  or  a  part  of  their  hydrogen  in  exchange  for  the  metalloid,  form- 
ing salts  of  new  radicals  ;  thus  marsh  gas,  CH^  can  Xq  successive  steps  be 
changed  by  the  action  of  chlorine  (in  sunlight)  into : — 

CHjCl Methyl  Chloride. 

CHsClj Methcne  ClUoride. 

CIlCls Methcnyl  Chloride:. 

CCI^  ' Carbon  Tetrachloride. 

The  paraffins  may  be  produced  utUktally  by  heating  metallic  tine  and 
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water  in  a  sealed  tube  with  the  iodides  of  their  coiresponding  basylous 
radicals. 

Example :  ethyl  iodide,  thus  treated,  yields  ethane. 

aCjH,I  +  2HjO  +  Zn,  =  aC,H,  +  ZnI,  +  ZnaHO. 
The  following  is  a  full  list  of  the  panffliu  actually  discovered :— 


Boiling 

Name. 

FOKMUU. 

POINI, 

Fah. 

Nahk. 

FORMULA, 

Point. 
Fah. 

Methane .     . 

CH, 

_ 

Noiuine  .    . 

C,H„ 

a98-4° 

Ethan     .     . 

cA 

— 

Decane   .    . 

<A 

334-4° 

Propane  .     . 

CsH« 

— 

XJndecane    . 

cK 

363-'° 

Butane    .    . 

cIh', 

33-8° 

Dodecajie    . 

C„H„ 

395-6° 

Pentane  .     . 

CsHu 

ioo-4° 

Tridecane    . 

424-4 

Hexane  .     . 

CgHu 

iS8-o« 

Tetradecane. 

c'X 

464-0° 

Heptane .    . 

C^H 

Fentadecane 

cX 

505-6° 

Octane    .     . 

CbHh 

»5S"° 

Hexdecane  . 

C,.H„ 

532-4 

The  more  volatile  liquid  compounds  of  the  paraffin  series  are  now  exten- 
sively used  for  lighting  purposes.  They- are  known  in  commerce  as  petro- 
leum spirit,  gazoline,  or  benzoline,  and  give  off  highly  inflammable  vapoim  at 
the  ordinary  temperature.  'They  require  to  be  burned  in  special  lamps,  while 
their  sale  is  restricted  by  Act  of  Parliament  to  certain  hours  of  the  day.  The 
less  volatile,  which  will  not  take  fire  on  the  application  of  a  lighted  match, 
and  burn  continuously  at  a  temperature  below  100°  F.,  may  be  burned  in 
lamps  of  ordinary  construction  and  retailed  at  all  hours  of  the  day.  The  more 
viscid  members  of  the  series  are  greatly  used  as  lubricating  oils,  while  the 
solid  ones  constitute  what  is  known  as  paraffin  wax. 

The  paraffins  are  distioguished  by  their  great  chemical  indifference  {parum 
affinis).  Being  saturated  hydrocarbons,  they  are  incapable  of  uniting  directly 
with  monatomic  elements  or  radicals,  and  are  not  sensibly  affected  by  cold 
sulphuric  acid.  Nitric  acid  does  not  affect  the  lower  paraffins ;  and  their 
nitryl  compounds,  called  nitroparaffins,  have  to  be  formed  by  indirect  means. 
The  higher  members,  however,  are  attacked  and  form  nitro  compounds. 


V.  Hydrocarbonfl  on  the  Type  CaH^. 

These  hydrocarbons  are  termed  oleffaes.  The  series  probably  commences 
with  metiiene,  CH^,  as  yet,  however,  unisolated,  and  proceeds  up  as  faf  as 
melene,  Cs(,Hgo,  which  is,  at  ordinary  temperatures,  a  solid.  The  most  in- 
teresting compound  of  this  class  (because  it  is  a  leading  constituent  of  coal 
gas)  is  ethene  {pUfiant  gas)  CjH^  already  mentioned  at  page  138;  and  its  pro- 
duction by  the  subtraction  of  the  elements  of  water  from  alcohol  is  character- 
istic of  the  whole  series,  the  members  of  which  may  be  obtained  by  a  similar 
process  from  the  hydrate  of  the  monad  basylous  radical  having  a  similar 
number  of  carbon  atoms.  All  the  olefines  themselves  act  as  dyad  basylous 
radicals. 

The  oleflnea  are  prepared, — 

I.  By  the  decomposition  of  paraffins  at  the  moment  of  their  liberation 
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.  tiMr  compounds  by  the  action  of  line  or  sodium.    Thus,  by  heatia 
ggrliCidide  with  line,  we  form  tetrane: — 

aCjH,I  +  Zn  =  C^Hm  +  Znlj. 

but  at  the  moment  of  liberation  Uie  tetrane  breaks  up  into  ethane  and  etheiU 
thus:— 

aCjHsI  +  Zn  -  CiHg  +  CjHi  +  Znlj. 

a.  By  the  abstraction  of  water  from  the  alcohol  of  tlie  corresponding 
monad  radical.  Thus,  ethyl  alcohol,  heated  with  strong  sulphuric  acid,  forms 
ttlutu . — 

CsHsHO  +  HaSO,  =  CsH,+  HjSO».H,0. 

3.  By  heating  a  haloid  ether  (preferably  a  bromide)  of  the  corresponding 
monad  radical  with  alcoholic  potassium  hydrate.    Thus,  ethyl  bromide,  t 
treated,  yields  ethene : — 

CjHjBr+KHO  =  CjH^+KBr  +  HjO. 
Many  other  methods  are  known,  which  may  be  found  in  larger  manuals. 
The   members  of  this  series    all  unite  directly   with    chlorine,   biom' 
and  iodine,  forming  haloid  ethers.     Example  :— 

CjH/  +  Cl,  =  CsH^CIj; 
wbidi  haloid  ethers,  treated  with  argentic  acetate,  give  rise  to  diatomic  acetic^ 
ethers: — 

CaH^Brj  +  2  AgCjHjOj  =  zAgBr  +  CjH,.  jC,H,Oj  ; 

Bud  these  ethers,  distilled  with  a  caustic  alkali,  yield  diatomic  alcohols  a 
glycols  :— 

C,H^.aCsH,Oj+iKHO  =  CjHj.aHO  +  jKCjH,0,. 

Some  defines  arc  capable  of  uniting  with  concentrated  sulphuric  acid  when 
briskly  shaken  up  with  it,  forming  acid  ethers  which  contain  the  corresponding 
monad  alcohol  radical  to  the  ole5nes  employed ;  thus  ethene  is  absorbed  by 
Bilpburic  acid,  forming  ethyl-sulphuric  acid  : — 

CaHj  +  HjSO,  =  CsHs-HSO^ 
These  acid  ethers  distilled  with  water  re-form  sulphuric  acid  and  the  monatonuM 
alcohol  analogous  to  the  olcfine.  Thus  ; — 

CjHtHSO,  *■  H3O  =  C»H,HO  +  HjSOv 

List  of  the  Normal  Olefines :— 


N 

MB. 

Formula. 

BuruNfi  Point.  F. 

Ethene 

or  'ethylene 

C,H, 

Gaseous. 

Pcopenc 

„  propylene 

C,H, 

Tctrene 

„  butylene 

C.Hg 

sW 

Peniene 

„  amylene 

C^H^        . 

950 

Hexene 

„  hexylenc 

C«Hi,       . 

1490 

Hcptene 

„  tenanthylene . 

C,Hu       . 

104-8 

Ocicne 

„  caprylene 

CsH„       . 

.480 

Noncnc 

„  nonylene 

C,H,,       . 

J84-0 

Dcccnc 

,  paramyicnc   . 

C,„H„      . 

3ao'o 

Hcxdcccne 

,  cclene 

Ci«H„      . 

i'l" 

Cerotcne 

C„H«      .       S 

>oUd,mclisat  lif 

Mekae 

,  melissene 

C„H„      . 

„        .,    .,  •■if 
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Tn.  HydTocarboiiB  on  the  Type  C^t^.^ 
This  is  called  the  Aromatic  Series,  and  the  typical  compound  with  which  I 
it  com  men  cos  is — 

BKKZENE  (Syns.  Bfnzo!.    PienylAydriJ^r).     Pornmla,  C„H„. 

This  body  may  be  prepared  by  the  action  of  lieat  upon  acetylene : — 

or  by  heating  benzoic  acid  with  calctuni  hydrate : — 

HCtHjOj  +  CaiHO  =  QH,  +  CaCOj  >  HjO. 

Id  practice  it  is  prepared  by  fraciional  distillation  from  coal-tar,  being  found 
in  the  portion  distilling  betow  i8a°  F. 

Benzene  is  a  colourless  and  highly  refractive  liquid,  boiling  at  177°  F.  1 
It  is  very  inflammable,  and  has  been  used  as  a  cheap  solvent  for  fats,  ■ 
tesina,  sulphur,  and  phosphorus.  It  is  insoluble  in  water,  but  miscible  w ' ' 
alcohol  and  ether,  and  has  a  specific  gravity  of  -899  at  32°  F, 

It  is  much  employed  lor  the  manufacture  of — 

NITHO-BEMZEHE  (SvNS,  Nilrohcnsol.    OU  of  S^yrbane).    PormnlA,  C(H,HO^I 

U'hcn  purified  bcn/ene  is  treated  with  a  mixture  of  fuming  nitric  acid  audi 
a  little  sulphuric  acid,  the  nitto-benzene  separates  as  a  yellow  oil,  having  «■ 
strong  odour  of  bitter  almonds.     If  the  acids  be  allowed  to  act  100  I 
Ore  mixtute  gel  too  hot,  a  dinilro  bcnieiie,  CnH,(N05)j.  would  be  produced,  | 
which  crystallines  in  long  yellow  needles.     Nitrobenzene  is  much  sold  .1 
artifiaai  estence  of  bitter  almonds,  and  is  even  used  to  adulterate  the  real  oi 
Tliw  aduherution  is  readily  detected  by  the  property  which  il  possesses  < 
becoming  changed  into  aniline  by  the  action  of  reducing  agents.     I'hc  bcs 
lest  to  employ  is  nascent  hydrogen,  evolved  from  a  mixture  of  zinc  and  dilute] 
sulphuric  acii     The  resulting  reaction  is  as  follows  : — 
CflHjNOj  +  3H,  ^  C„H,N  +  »H,0. 

In  practice  the  oil  is  dissolved  in  a  little  alcohol,  and  added  toatnbei 
containing  zinc  and  dilute  sul|)huric  add.  After  standing  for  some  time,  A I 
liragtnent  of  potassium  chlorate  is  added,  which  immediaiely  develops  ft  I 
beautiful  mauve  colour,  caused  by  the  oxidation  of  the  aniline.  Manyf 
chemists  prefer  to  use  a  little  solution  of  ekivrinated  limt,  to  develop  the  J 
colour,  instead  of  potassium  chlorate.  This  is  a  process  which  every  student  I 
should  try  for  himself  upon  oil  of  myrbane,  because  much  of  its  success  I 
depends  on  the  degree  of  dilution  of  the  sulphuric  acid  and  u|ion  the  (]uantit7 1 
of  potassium  chlorate  employed — matters  b«si  leamt  by  experience.  1 

The  quantitative  estimation  is  somewhat  uncenain,  but  the  following  pro-  I 
cess  yields  at  least  oine-tenths  of  the  adulteration  in  a  state  fit  for  HTighing,  ^ 
too  grains  of  essence  of  biltcr  almonds  are  agitated  in  a  wide-mouthed  flarft 
with  joo  to  40Q  grain -measures  of  saturated  solution  of  sodium  hydrogen- 
sulphite,  and  then  the  whole  treated  with  a  Hide  ether.   The  solution  is  quickly 
filtered,  evaporated  to  dryness,  and  the  residue  of  nitro-henzene  is  weighed. 

The  whole  members  of  the  aromatic  group  and  their  derivatives  are  of  J 
ihe  greatest  interest  as  being  of  late  years  chicHy  extracted  from  coal  tar,  and  3 
utilized  in  almost  innumerable  ways,  although  tUl  but  recently  cither  entirely  1 
unknown  or  considered  to  be  waste  products.  From  modifications  of  thi*fl 
group  by  substitution  of  various  radicals  for  portions  of  the  hydrogen  of  >ISM 
memocTS,  we  have  carbolic,  benzoic,  cinnamic,  and  other  acids  ;  aniline  SLndV 
iitnilar  dyes,  nitrobeniene,  tur]i:ntine,  resins,  and  the  gieai  bulk  of  ourl 
essential  oils. 
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A  most  curious  fact  is,  that  all  the  members  of  the  aromatic  group  may  be 
viewed  as  derived  from  the  great  typical  hydrocarbon  bensenei  by  substitution 
of  various  radicals  for  portions  of  its  molecule.  Thus,  the  next  member, 
toluene,  C7Hg,  may  be  Aaewed  as  being  really  methyl-benzene,  C^Hg^CHs). 
It  is  unfortunately  impossible,  within  the  limits  set  to  the  present  edition,  to 
go  thoroughly  into  these  relations ;  but  one  more  example  may  be  given  to 
show  how  tiupentine,  C^oH^q,  may  be  theoretically  connected  with  benzene, 
and  to  give  an  idea  of  the  immense  depth  of  research  which  has  been  brought 
to  bear  upon  the  aromatic  group.  Turpentine  is  first  viewed  as  cymene 
hydride,  HgCjoHi^.  In  turn  qrmene,  (CjoHiJ,  is  itself  regarded  as  being 
methyl-propyl-benzene  (CgH4.CH8.CjH7),  that  is,  benzene,  CqHq,  in  which  two 
hydrogens  have  been  respectively  replaced  by  the  monad  radicals  methyl  and 
propyl.    The  constitution  of  these  compounds  may  be  thus  represented, — 

H    H  H    H  H    H 

II  II  II 

C=:C  C=:C  C=C 

/         \  /         \  /         \ 

H-C  C^H       H— C  C— (CHj/      (CsHy)'— C  C— (CH,/ 

w     //  .  w    //  w    // 

c— c  c— c  c— c 

II  II  II 

H    H  H    H  H    H 

Toluene,  or  Cymene,  or 

Benzene,  Methyl-benzene,  Methyl-propyl-benzene, 

CgHg.  CyHg.  Cl0"l4' 

It  is  easy  to  see  that  bodies  so  constituted  may  have  an  immense  amount 
of  isomerism,  as  indeed  they  have ;  but  the  study  of  them  is  quite  beyond  the 
scope  of  the  present  work :  it  must  suffice  to  give  a  glance  only  at  those 
members  of  the  series  of  actual  interest  in  pharmacy  or  medicine. 

CYMENE.    Formula,  CioH^^. 

Is  known  in  two  metameric  varieties,  one  of  which  is  found  among  the 
lighter  oils  separable  from  coal  tar  by  fractional  distillation,  while  the  other 
exists  in  the  oil  of  Cicuta  virosa.  This  modification  may  also  be  obtained  from 
oil  of  cumin  (cumic  aldehyd,  CioHigO),  by  the  action  of  alcoholic  potash. 

CINNAMEIN.    Formula,  CgHg. 

Is  a  colourless  oil  existing  in  storax,  and  easily  obtainable  by  distilling  the 
storax  with  water  and  an  alkali  to  fix  the  cinnamic  acid.  By  heating  in  a 
sealed  tube  to  400°  F.,  it  is  converted  into  a  white  solid  called  metacinnamein. 

NAPHTHALENE.    Formula,  C^o^- 

Is  a  white  solid  separable  from  coal  tar  by  fractional  distillation,  which  is 
interesting  as  being  the  source  of  artificial  benzoic  acid.     {See  Benzoic  Acid. ) 

ANTHRACENE.    Formula,  C^^H^o. 

Is  found  in  commerce  as  a  yellow  softish  mass  distilled  from  coal  tar.  It 
is  used  for  lubricating  delicate  machinery,  and  also  as  a  source  of  alizarin, 
a  red  colouring  matter  used  in  dyeing,  and  formerly  only  obtainable  from 
madder.  - 
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In  explaining  this  reaction  it  should  be  noted  that  all  the  hydrocarbons  oH 

the  series  possess  the  power  of  forming  by  oxidation  peculiar  bodies  call«^| 

^uin^tus,  in  which  H,  is  displaced  by  the  group  Og  acting  as  a  dyad,  exaclfiH 

as  Hg}  has  already  been  seen  to  act  in  mercurous  ammonium  chloride.     'I'hqH 

ate  neutral  bodies,  and  by  the  action  of  nascent  hydrogen  yield  hydroquinone^^ 

that  is,  where  the  place  of  H^  has  been  taken  by  (HO)j  in  the  hydrocarbad!^| 

Examples  of  this  may  be  seen  by  comparing  : —  ^B 

CgH,  C.H,(Oi)'  QH,(H0)3'  \ 

Benzene.  Quinone,  Hydroquinone.  1 

If  therefore  anthracene  be  heated  with  potassium  dichroroate  and  sulphurici 

acid,  we  obtain  anthraquinone  fl 

C„H,„  +  0,  =  Ci,H8(Oa)"  +  H30.  I 

From  this  body,  by  heating  with  bromine,  we  obtain  a  substitution  produC^| 

called  dibrom-anthraquinone  : —  H 

CuHs(Og)'  +  aBrg  -  C|(HBBr,Oj+  aHBr.  ■ 

This  product,  fused  with  potassium  hydrate  at  350°  F.,  yields  the  jiotassiud^| 

compound  of  alizarin : —  ^| 

Ci,HeBra(0jr  +  4KH0  =  C„H^(K0),'(0i)'  +  aKBr*3H,0.  ■ 

On  dissolving  the  product  in  water  and  acidulating,  the  crude  alizarin  ^| 

precipitated  and  purified  by  sublimation.     Alizarin  is  therefore  anthraquinon^fl 

in  which  an  additional  group  of  H,  has  been  displaced  by  (HO))  thus: —       1 

CuH,(HO)j'(0,)'.  I 

TUL  Terpenes.    General  Pormnla,  C,^ih.  I 

An  immense  number  of  these  bodies  are  isomeric  with  each  other,  andfl 
exist  in  many  volatile  oils.  They  are  prone  to  oxidation,  and  therefore  (hs,« 
essential  oils  of  commerce  usually  are  jtartially  altered,  and  when  distilled  9 
carefully  or  refrigerated  they  are  found  to  consist  of —  ^ 

1.  An  elCDOpten,  which  is  the  more  volatile  and  unchanged  portion,  remain- 
ing perfectly  fluid,  and  usually  isomeric  with  oil  of  turpentine,  C,„H|g. 

2.  A  atearopten,  which  is  the  portion  frequently  crystallizing  out,  which  has 
undergone  alteration  by  oxidation  or  contact  with  moisture.  The  body  is 
ftequcndy  isomeric  with  common  camphor,  C|[,H,(0. 

Olenm  tereliiiithiiuB  is  the  volatile  oil  distilled  from  the  natural  crude  turpen- 
tine, an  oieo-rcsin  obtained  from  the  pine  tribe  of  coniferous  plants.     It  is  de- 
scribed liy  the  B.P.  as  being  limpid,  colourless,  with  a  strong  peculiar  odour 
and  pungent  bitter  taste.     The  natural  turpentine  which  exudes  from  the  tree, 
when  submitted  to  distillation,  yields  a  distillate  of  common  oil  of  turpentine, 
the  residue  in  the  retort  being  the  wcll~known  article  resin  {resina,  B.P.).     If 
this  common  oil   be  distilled  with    potassium  carbonate  in  iviaui,  the  pure 
oleum  Icrebinthinae,  known  in  commerce  as  rectifitd  spirit  of  turpentine,  in-m 
obtained.    When  thus  purified,  it  consists  of  one  of  two  isomeric  hydrocar--4 
bons,  according  to  the  source  of  tiie  original  oleo-resin.    The  Knglish  oil,  dis-l 
tilled  fromv\merican  turpentine,  is  callty]  chemically  awj'/''iW(ri-&«//iff(c.- and  the  J 
Frendi  oil,  from  Piuus  maritima,  is  termed  terebenfhene.  Bolli  of  these  lerpeneB  I 
have  the  formula,  C]gH|g,  together  with  a  speci6c  gravity  of  '864  and  boil  at  | 
330'  F.     The  fonner,  however,  exhibits  a  dextro-  and  the  latter  a  tevo-  gyrate  ] 
action  on  polarized  light.     Turpentine  oils  undergo  a  great  variety  of  dccom-  j 
position  by  the  action  of  heat  and  reagents.     A  paper  steeped  in  the  ordinary  1 
oil  and  then  introduced  into  chlorine,  absorbs  the  lattersoviolendy  as  toburet  1 
iuo  Qamc.     By  passing  dry  hydrodiloric  acid  gas  into  oleum  tcrcbintbins  I 
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a  crystalline  compound  called  terebenthene  hydrochlorate,  CigH^^^^^  ^ 
obtained,  and  was  formerly  sold  as  artifidal  camphor.  When  ordinary  turpen- 
tine oil  is  exposed  to  the  action  of  water,  it  unites  with  it  and  deposits  crystals 
of  terpin  hydrate,  C|oHig3H20.  By  drying  at  21 2°  F.  these  lose  water,  and 
are  converted  into  terpin,  C^o^ie^^s^*  ^^  addition  to  these  hydrates  the 
following  are  known,  viz.,  terpeatin  hydrate,  CxoH^^H^O,  and  ter]^ol, 

Oil  of  turpentine  is  insoluble  in  water^  but  miscible  with  strong  alcohol, 
carbon  disulphide,  and  ether.  It  is  a  good  solvent  of  oils,  resins,  phosphorus, 
sulphur,  and  many  other  substances.  It  is  employed  in  the  laboratory  for 
taking  the  specific  gravity  of  sugar  and  similar  bodies  which  are  soluble  in 
water  but  insoluble  in  turpentine.  It  is  powerfully  acted  on  by  nitric  acid, 
potassium  permanganate,  and  the  other  leading  oxidants. 


CAMPHOE  (Syns.  Camphoric  Aidchyd.     Camphoryl  Hydride) 
Formula,  Ck^isO. 

Is  the  type  of  the  oxidized  hydrocarbons  {stearoptens)  of  the  essential  oils, 
and  as  such  is  best  studied  here. 

Camphor  is  obtained  from  the  bark  and  wood  of  the  Laurus  Camphara^  or 
Camphora  officinarum^  from  which  it  derives  its  name. 

The  Chinese  mode  of  extraction  is  to  boil  the  wood,  cut  into  pieces  of 
suitable  size,  in  a  vessel  having  a  conical  clay  condenser  inverted  over  it. 
The  camphor  sublimes  into  this  clay  vessel,  which  is  lined  with  rice  straw  to 
prevent  contamination  of  the  sublimate  by  earthy  matters. 

The  crude  camphor  imported  from  China  is  grey ;  that  introduced  from 
Japan  (sometimes  termed  Dutch  camphor)  is  pink.  It  invariably  undergoes 
a  second  sublimation  after  it  is  brought  to  Europe  before  being  used,  and  is 
then  white,  translucent,  tough,  and  crystalline ;  has  a  powerful  penetrating 
odour,  and  a  pungent  taste  followed  by  a  sensation  of  cold  ;  floats  on  water  ; 
volatilizes  slowly  at  ordinary  temperatures ;  is  slightly  soluble  in  water,  but 
readily  soluble  in  rectified  spirit  and  in  ether ;  sublimes  entirely  when  heated, 
and  burns  in  the  air  with  a  smoky  flame. 

It  is  only  slightly  volatile  at  temperatures  below  347°  F.,  but  above  that 
degree  it  melts,  and  commences  to  boil  at  400°  F.  It  is  soluble  in  water  to 
the  extent  of  one-tenth  per  cent  When  an  attempt  is  made  to  reduce  it  to 
powder,  it  does  not  succeed  without  the  addition  of  some  strong  spirit  The 
temperature  at  which  its  specific  gravity  is  taken  affects  the  result  greatly, 
causing  it  to  vary  from  '9862  to  '9958.  When  fragments  of  camphor  are  placed 
on  water  they  assume  a  state  of  rapid  movement  These  movements  are 
supposed  by  some  to  be  attributable  to  the  vapour  evolved  by  the  camphor 
prevenrting  contact  with  the  water ;  but  it  seems  hardly  probable  that  this 
would  have  sufficient  power  to  move  such  large  fragments  as  are  thus  caused 
to  revolve.  The  fact,  however,  that  a  minute  quantity  of  oil  arrests  the  motion 
seems  to  lend  some  countenance  to  this  opinion,  as  the  vapour  of  camphor 
would  be  soluble  in  oil.  The  specific  gravity  of  camphor  at  the  freezing  point 
has  been  found  to  be  higher  than  that  of  water.  At  the  degree  of  the  greatest 
density  of  water  (39*2°  F.)  it  is  also  incapable  of  floating  on  that  liquid,  pro- 
vided it  has  been  made  damp.  An  alcoholic  solution  is  precipitated  by  water, 
and  this  is  sometimes  the  method  adopted  for  preparing  an  aqueous  solution, 
as  the  camphor  thus  (in  consequence  of  its  finely-divided  state)  dissolves  in 
the  water  much  more  readily  than  if  introduced  in  the  ordinary  manner. 

A  stable  liquid  preparation  may  be  made  by  adding  a  concentrated 
alcoholic  solution  of  camphor  to  proof  spirit  in  requisite  proportions. 

Ether,  acetic  acid,  essential  and  fixed  oils,  liquid  acids,  chloroform,  and 
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carbon  disutpliidi;  aie  all  good  solvents  of  camjihor.  An  alcoholic  holulmu  n 
take  up  much  more  tnercuric  chloride  than  alcohol  alone.  By  the  action  ( 
potassium  permanganate  or  nitric  acid,  camphoric  acid,  CinH,nOp  is  rornied.| 

Camphor,  though  frequently  represented  as  an  aldehyd,  docs  not  s 
speaking  belong  to  chat  class  of  bodies,  as  it  does  not  combine  with  hyilTOgeOi 
sodium  sulphite,  nor  does  it  form  the  corresponding  alcohol  (caraphol)  by  il ' 
iiction  of  nascent  hydrogen,  these  two  reactions  being  regardeti  as  esscntiall] 
clutactcristic  of  tiue  aldehyds.  Unlike  many  similar  bodies,  it  does  not  y 
a  lesinous  substance  on  oxidation  either  by  nitric  acid  or  the  atmospb 
When  distilled  with  phosphoric  anhydride.  It  yields  cymcne.  There  is  a  sub^ 
noQce  termed  "artificial  camphor,"  which  is  occasionally  substituted  for,  a 
o«ed  to  adulterate,  true  camphor.  It  is  produced  by  the  action  of  hydro 
cblotic  acid  on  turpentine,  melts  at  240°  F.,  and  boils  at  330°  F.  It  1 
distinguished  by  inflaming  it,  then  blowing  out  the  flame,  when  the  vapoun; 
whidi  come  off  for  a  few  seconds  will  have  the  odour  of  turpentine.  B]" 
passing  the  products  of  its  combustion  into  a  solution  of  argentic  nitrate,  I 
precipitate  of  ai^entic  chloride  will  resuh,  to  which  the  usual  confirmatotj 
leatt  may  be  applied.  The  gases  formed  by  the  burning  of  ordinary  cai 
Kill  cause  no  precipitate.  The  artificiiil  variety  burns  with  a  greenish  c 
while  the  natural  product  gives  a  while  flame.  Both  flames  evolve  carb< 
and  the  vapours  produced  ore  consequently  thick  and  sooty.  Ordinary  c 
phor  is  dextro-rofalory  as  regards  polarised  light.  Some  official  volatile  o  . 
»U.  oUurn  rosmarini  and  deiim  lavanduliE,  contain  a  substance  possessing  the 
sante  chemical  properties  as  camphor,  but  are  inactive  in  the  polariscope. 
A  bcvo-rotatory  variety  exists  in  the  essential  oil  of  feverfew. 

Ngai  camphor  has  for  its  chief  source  the  Blumta  baham/era,  D.C.     It 
isomeric  with  Borneo  camphor,  but  differs  in  some  physical  chatact eristics. 

O/fum  amthi,  obtained  from  the  fruit  of  Atulhum  graj'tolens  by  dtBtillation  J 
»ith  water.     It  is  described  as  pale  yellow,  with  a  pungent,  acrid,  but  sweetishj 
taste.     Il  varies  in  specific  gravity  from  '88  to  -95,  according  to  its  age,  am" 
boils  at  about  375°  F. 

Oitum  anisi,  obtained  as  above  from  Pimpinella  annum  or  lUidtim  anitatuw^ 
{star-anise).     According  to  the  B. P.  it  is, — 

Colourless  or  pale  yellow;  with  ijie  odour  of  anise,  and  a  warm  swectisll 
taste.     Concretes  at  50°. 

It  consists  of  a  terpene.  Cj„H,fl,  and  a  stcaropten,  C^iHijO,  which  latte 
causes  the  concretion  when  cooled.     Its  specific  gravity  is  from   '9710  "'" 
and  it  absorbs  oxygen  by  exposure,  losing  its  property  of  concretion  by  ct 
The  stearoplen  is  usually  called  anise  camphor :  and  when  acted  on  by  a 
iDOoions  chloride  it  thickens  to  a  rcddisli  maRer.  which  deposits  a  wbiw 
substance  called  anisoia  on  boiling  with  water.     By  oxidation  with  patassium-4 
dichromaie  and  sulphuric  acid,  oil  of  anise  yields  a  mixture  of  acetic  and  ] 
anisic  acid  (C^HsOg). 

OUum  anihemidis,  distilled  as  above  from  the  fiower  heads  of  Anthemis  \ 
titiilit.     It  is  described  by  the  B.P.  as  being, — 

Pale  blue  or  greenish- blue,  but  gradually  becoming  yellow ;  with  llie  peculiar   | 
odoTir  and  aromatic  taste  of  the  flowers.     Great  beauty  characterizes  the  blue 
colour  of  the  oil  of  chamomile  when  recently  distilled. 

It  contains  a  terpene,  Cif,H^  and  also  angelic  aldehyd,  CiHjO,  which  by 
heating  with  potassium  hydrate  yields  potassium  angelalc : — 

CiHgO  +■  KHO  =  KCeH^Oj  +  H,. 

C/nam  eajipuli  is  distilled  from  the  leaves  of  Melaleuta  miitor.     It  is  in- 
portcd  from  Singapore,  and  is  described  by  the  B.P,  as  being, — 
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Very  mobile,  transparent,  of  a  fine  pale  bluish-green  colour.  It  has  a  strong 
agreeable  odour,  and  a  warm  aromatic  taste,  and  leaves  a  sensation  of  coldness 
in  the  mouth. 

The  specific  gravity  of  cajeput  oil  is  about  '926.  It  consists  chiefly  of  the 
monohydrate  of  a  terpene  called  c^jepntene,  and  its  formula  may  therefore  be 
taken  as  CioHj^Hi^O.    It  leaves  on  distillation  a  green  resin  soluble  in  ether. 

Oleum  carui  is  distilled  from  the  fiiiit  of  Carutn  Carut^  and  is  described  in 
the  B.P.  as  being  colourless  or  pale  yellow,  odour  aromatic,  and  taste  spicy. 
It  is  a  mixture  of  a  true  terpene  (carvene,  CioH|g)  and  an  oxidized  portion 
(carvol,  CiqHi^O).  The  latter  may  be  separated  from  the  former  by  agitation 
with  ammonium  sulphide,  in  which  it  dissolves,  forming  carvol  sulphydrate 
(CioHi40)2HaS. 

Oleum  caryophylli  is  distilled  from  the  unexpanded  flower-buds  of 
Caryophyllus  aromaticus.    According  to  the  B.P.  it  is  : — 

Colourless  when  recent,  but  gradually  becoming  red-brown,  having  the 
odour  of  cloves  and  a  pungent  spicy  taste.    Sinks  in  water. 

Chemically,  this  oil  consists  of  a  terpene,  with  eugenic  acid,  HC10H11O2, 
and  a  stearopten  called  eugenin,  probably  bomeric  with  the  acid.  On  dis- 
tilling the  oil  with  water  the  latter  body  may  be  observed  to  crystallize  from 
the  aqueous  solution,  while  the  eugenic  acid  may  be  separated  as  potassium 
hydrogen-eugenate,  KH2C10H11O2  +  Aq,  by  agitation  with  weak  warm  solution 
of  potassium  hydrate  and  crystallizing. 

Oleum  cinnamomi,    {See  Cinnamic  Aldehjrd.) 

Oleum  copaiba  is  distilled  from  the  peculiar  olechresin  obtained  from  Copaifera 
multijuga.  It  is  described  in  the  B.P.  ais  being  colourless  or  pale  yellow,  with 
the  odour  and  taste  of  copaiva. 

It  consists  chiefly  of  a  terpene  polymeric  with  turpentine  oil,  and  therefore 
has  the  formula  of  C^qHs*). 

When  the  oleo-resin  itself  {commonly  called  balsam  of  copaiba)  is  examined, 
it  is  found  to  vary  much  in  its  constitution  according  to  its  source,  for  accord- 
ing to  Fliickiger,  balsam  from  Maracaibo  rotates  a  polarized  ray  to  the  right, 
and  that  from  Maranha  exhibits  a  left-handed  polarization.  It  contains  the 
volatile  oil  above  described,  and  also  two  resins, — one  (in  quantities  varying  up 
to  60  per  cent)  called  copaivic  acid,  and  another  in  small  quantities  (usually 
2  per  cent.),  which  is  not  acidulous.  Copaivic  acid,  HC80H29O2,  is  the  por- 
tion of  the  copaiba  which  causes  it  to  harden  when  mixed  with  magnesium 
or  calcium  oxides.  The  copaiba  contains  a  little  moisture ;  and  in  the  pre- 
sence of  this,  the  oxides,  being  converted  into  hydrates,  attack  the  resinous 
copaivic  acid,  forming  magnesium  or  calcium  copaivates,  which  crystallize 
and  take  up  the  oily  portion,  and  the  whole  then  forms  a  solid  mass.  This 
property  is  utilized  in  making  copaiba  into  pills.  An  equal  weight  of 
official  magnesicB  carboiias  is  usually  employed,  as,  owing  to  its  already  con- 
taining hydrate,  it  acts  more  rapidly  than  the  oxide.  If  timel)e  not  an  object, 
however,  the  same  effect  may  be  ultimately  produced  by  a  much  less  quantity 
of  magnesium  oxide.  The  balsam  from  Maracaibo  has  been  recently  found 
to  contain  a  new  resin  called  metacopaivic  acid,  H2C22H82O4. 

Oleum  cubeboiy  which  is  distilled  from  the  dried  unripe  fruit  of  Cubeba 
officinalis^  consists  of  a  hydrocarbon,  cubebene  (C25H24),  holding  in  solution  a 
stearopten  called  cubeb  camphor,  CjsHg^.HgO.  The  specific  gravity  of  cubeb 
oil  is  -92.     It  thickens  by  exposure,  and  rotates  polarized  light  to  the  left. 

Oleum  coriandri^  which  is  distilled  from  the  fruit  of  Coriandrum  sativum^  is 
supposed  to  consist  of  a  hydrated  terpene,  CioHig.HgO.  That  this  is  so,  is 
supported  by  the  fact,  that  when  distilled  over  phosphoric  anhydride  it  yields 
camphene,  CioHig.  Its  specific  gravity  is  about  '87,  and  when  treated  with 
iodine  a  violent  explosion  takes  place. 


HYDROCARBONS.— OLEA. 


OUunt  juniperi  is  distilled  from  the  unripe  fruit  of  Junipe 
It  M  described  in  the  B.P.  as  being  colourless  or  pale  greeuish-yeUow,  of  a 
sweetish  odour,  and  wum  aromatic  taste. 

It  consists  of  a  terpene,  CioHu,  possessing  the  power  of  uniting  with  water, 
and  depositing  m  a  hydrated  form  Cn,Hi6,  H^O, 

Oleum  lavamiulie,  distilled  from  Ihe  flowers  of  Lavandula  vera,  is  described 
in  Ihe  B.P.  as  being  colourless  or  pale  yellow,  with  the  odour  of  lavender  and 
a  hot,  bitter,  aromatic  taste. 

It  consists  of  a  fluid  portion  containing  two  hydrocarbons,  one  of  which  at 
least  is  a  true  terpene,  C]„H|g.  The  stearopten  portion  is  similar  to  common 
camphor. 

Oltum  Hmonis  is  expressed  or  distilled  from  the  rind  of  dims  timom's. 
Characters. — Colour,  pale  yellow ;  odour,  agreeable ;  taste,  warm  and  bitter.  I 
It  is  a  mixture  of  two  hydrocarbons,  both  C]„Hig,  but  differing  in  their  actioa 
on  polarized  light.  It  is  slightly  soluble  in  water,  and  more  so  in  alcohol, 
one  part  dissolving  in  seven  parts  of  rectified  spirit.  Hy  exposure  it  oxidizes, 
and  deposits  a  substance  called  citroptene,  to  which,  however,  no  exact 
formula  has  been  afhxed.  I 

Oleum  menlka  piperita  and  oleum  mentkx  riridis,  obtained  by  distillation  I 
Ironi  the  respective  fresh  flowering  herbs,  are  neither  truly  isomeric  with  ter- 
pcne<     The  former  contains  a  liquid  portion  called  menlhene,  C,|,H,a  and  a  | 
aolid  stearoplen  which  is  a  hydrated  variety  of  the  same  body,  Ci(,H|^H,0, 
The  latter  oil  would  seem  to  answer  chiefly  to  Ihe  hydrated  nienthene. 

Oleum  myristica  is  distilled  from  the  kernels  of  the  fruit  of  Afyristiat  I 
^^nalis.  It  is  described  as  colourless  or  straw-yellow,  having  the  odour  of  ] 
nntmegs.  It  contains  a  liquid  hydrocarbon,  and  deposits  by  oxidation  ti  [ 
itearopten  called  myristicin.  I 

Oleum  myristica  expressum  is  not  a  volatile  oil,  but  a  fatty  body  consisting  of  | 
ajrittin  {glyceryl  myristale,  C,H(3C,,H*jOj).  Care  must  be  taken  to  keep  f 
dtstinct  the  two  ideas  of  myristicin  and  myristin. 

Oltum pinmiiir,  distilled  from  the  dried  unripe  berries  of  Eugenia  Pim^ta,  ■ 
is,  according  tg  the  B.P.,  colourless,  or  slightly  reddish  when  recent,  but  I 
becoming  brown  by  age,  having  the  odour  and  taste  of  pimento.  SIdIci  in  J 
vater. 

It  is  similar  in  composition  to  oil  of  cloves. 
Otatm  rosmaritti,  distilled  from  the  flowering  tops  of  Rowiarinus  i^cinalis,  \ 
is  stated  in  the  B.P.  to  be  colourless,  with  the  odour  of  rosemary  and  a  warm  i 
■ronabc  taste.     It  has  a  specitic  gravity  of  '90  usually,  and  consists  of  two  | 
teipenes,  forming  by  oxidation  a  stearoplen  similar  to  camphor. 

Oleum  saiina,  distilled  from  Juniperus  sabina,  consists  of  a  terpene,  C,uH](i 
closely  resembling  those  oi  oleum  terebinthinee. 

Oltum  ruta,  distiUed  from  Ruta  gravtolens,  is  a  pale-yellow  oil,  containing 
a  terpene,  Ci„H,g,  together  with  euwdic  aldehyd,  CiiH,,0. 

Gutta  percha,  the  concrete  juice  of  Isauandra  gutta ;  and  Camttchime,  the 
weH-known  inMarubbtr  of  commerce,  consist  of  a  terpene,  caontctun,  CjoH,,,  j 
and  another  hydrocarbon,  called  isoprene,  C^Hg;  and  in  addition,  the  former  I 
contains  another  polymeric  oil,  called  beTeBltfl.  When  heated,  both  substances  I 
melt,  and  then  lose  their  elastic  properties.  They  are  soluble  in  turpentine,  f 
carbon  disulphide,  and  benzol,  and  the  latter  combines  easily  with  sulphur,  I 
Ibnning,  when  the  sulphur  is  present  in  small  quantity,  vulcaniied  rubber,  and  I 
when  in  larger  proportion,  vulcanite.  Gutta  petchn  is  an  excellent  insulator  I 
for  covering  electric  apparatus,  because,  besides  being  a  perfect  non-conductor,  " 
it  is  not  permeable  by  moisture. 


CHAPTER  XIV. 
THE    ALCOHOLS. 


The  numerous  compound  basylous  radicals  produced  by  the  various  degrees 
of  self-saturation  of  carbon  atoms,  and  their  combinations  with  hydrogen 
when  so  self-saturated,  possess  the  power  of  forming  hydrates  by  imiting 
with  one  or  more  molecules  of  the  acidulous  radical  hydroxyl,  in  an 
exactly  similar  manner  to  the  metals  the  hydrates  of  which  we  have 
already  described.  These  hydrates  are  called  alcoholi  from  the  fact  of 
ordinary  alcohol  being  the '  first  of  the  series  which  was  investigated 
and  described.  The  whole  of  these  organic  hydrates  are  characterized  by 
certain  reactions  which  they  exhibit  in  common,  and  more  especiaUy  by 
possessing  the  power  of  forming  neutral  compounds  with  acids,  the  action 
being  always  accompanied  by  the  elimination  of  water,  formed  by  the  union 
of  the  displaceable  hydrogen  of  the  acid  with  the  hydroxyl  contained  in  the 
alcohol.  In  formulating  the  alcohols,  it  is  only  necessary  to  remember  the 
atomicity  of  the  radical  which  gives  them  birth,  and  to  add  the  proper  number 
of  molecules  of  HO ;  thus,  the  monad  radical  ethyl,  C5H5,  will  have  for  its 
alcohol  C^HgHO  (common  alcohol)  which  is  called  a  monatomic  alcohoL 
The  dyad  radical  ethene,  C3H4,  will  in  turn  form  CgH42HO,  known  as  a 
diartomic  alcohol,  or  glycol,  while  the  triad  radical  propenyl,  GgHg,  will  produce 
C3H53HO,  thus  yielding  a  triatomic  alcohol  (glycerin).  These  classes  have 
now  to  be  discussed  seriatim. 

I.  MONATOMIC  ALCOHOLS  OF  THE  SERIES  C„H,a+iHO. 

This  series  commences  with  methyl  hydrate,  CH3HO,  and  ends  with 
melissyl  hydrate,  CjoHg^HO,  as  shown  by  the  following  table  :— 


0    . 
55  fc 

U 

Name. 

Formula. 

M     1-4 

ts  0 

Whence  Obtained. 

S2 

Methyl  hydrate  or  Methylic  j 
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Dodecyl 

*t 

„  Laurie 

It 

CjjHjj.  HO 

•  •• 

■  •• 

Whale  oil 
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It 
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»i 

CaoH«.HO 

•  •• 

iSs** 
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ALCOHOLS.— PRIMARY,  SECONDARY,    TERTIARY. 

As  soon  OS  wc  pass  the  first  two  members,  viz.,  methyl  and  eihyl,  we  mijrfl 
have  several  isomeric  modificationE  of  eacli  alcohol,  in  addition  to  lite  trtiel 
Donnal  compound.  These  modifications  are  explained  and  classi^cd  byl 
Kolbe  3S  follows  :  Methyl  alcohol,  CH3KO,  is  called  a  earbinol,  and  et-eryl 
othei  ^cuhol  is  simply  also  a  more  complex  earbinol  formed  by  the  displace- 1 
ment  of  H  in  the  original  earbinol  by  some  radical  of  the  series  C^Hj,,. 
By  this  view,  starting  with  the  primary  earbinol,  wc  have  t — 

Carbinol       CHj.HO      =  CHjHO  primary  Methyl  alcohol 
Methyl  earbinol  CHj.CH,.HO    =  CjH.HO       „        Ethyl 
Ethyl    carbinol  CHj.QHj.HO  ^  CjH,HO       „       Propyl      „ 

If,  however,  Hj  be  displaced  from  carbinol  by  two  molecules  of  a  radicat,fl 
the  resntt  is  a  seoondary  alcohol,  whicli  differs  from  the  primary  alcohol  in  | 
boiling  point  and  in  the  products  of  its  oxidation.  Thus  :— 
Dimethyl  carbinol  CH.(CH3)5HO  ^QH^HO Propyl  a!cohol(secondary).J 
Ethyl-mcthylcarbinolCH.CHj-CaHiHO  =  C,H,HO  Butyl  alcohol  " 

Finally,  we  may  proceed  farther,  and  have  n  tertiary  modification,  in  wliichl 
the  whole  H^  of  the  carbinol  has  been  displaced  by  equivalent  values  of  othet 
ndicils  of  the  same  scries.     For  example : — 
Trimethyl  carbinol  C.(CH^;,HO       =C4Ho.HO  Butyl  alcohol(tertiary)l 

Dinwthyl-clhylcarbinolC.(CHjVC4Hj.HO  =  C5Hj,HO  Pentyl  alcohol     „        " 

So  that  taking,  for  instance,  butyl  alcohol,  we  have  three  isomers,  viz. : — 

C,Hf.HO,  normal  Butyl  alcohol      CHj.C,H,.HO      boiling  at  333'?., 
(or  Propyl  carbinol) 
CH.CHj.CaHi-HO        „      „  loy"  F,, 
(or  Methyl  ethyl  carbinol.) 
C.CH3.CHs.CH,.H0      ;.      „  179°  F., 
(or  Trimethyl  carliinol.) 


C^H^ttO,  secondary  „ 
C|H,.HO,  tertiary      „ 


Ordinary  primary  alcohols,  when  subjected  to  oxidation,  form  firstly  a 
lldehjd,  ami  secondly  an  acid,  having  tht  uimf  number  ef  carbon  atttns  as  ." 
aleohol,  but  secondary'  alcohols  yield  a  kotone,  instead  of  an  aldebyd,  a 
afterwards  (by  extreme  oxid.ition  only)  an  acid  having  a  less  number  of  carl-onm 
atoms  than  the  aUoM.    Tertiary  alcohols  yield  neither  aldchyd  nor  ketone^ 
by  oxidation,  but  one  or  more  acids  of  the  acetic  type. 

It  b  only  in  the  primary  alcohols  that  we  have  much  interest,  and  v. 
therefore  chieHy  refer  to  them ;  but  before  considering  eacli  individually,  ttw 
following  general  methods  of  making  ojiy  alcohol  of  the  series  C„H(,.,.HO 
should  be  understood. 

I.  By  acting  on  the  corresponding  paraffin  with  chlorine,  we  obtain  a  corre-f 
sponding  haloid  ether.   This  is  then  mixed  with  argentic  acetate,  forminj 
the  acetate  of  the  required  basylous  radical,  which,  when  distilled  w 
potassium  hydrate,  yields  the  alcohol     Example : — 

CH^       +        CI5        =       CH,.CI     +HCI 
CHj.Cl      +AgC3H30s  =  CH-CsH,Oj  +  AgCl 
CHg-CjHsO,  +     KHO      =     CH,HO     +  KCaHA- 
».  From  the  corresponding  define  with  sulphuric  acid,  and  then  distilling'^ 
with  water : — 

C,Hj      +HjSO.  =  C,HtH.SO,- 

C,h;H.SOj+   H,0    =  CjHsHO  +  HjSO,. 

3.  From  the  corresponding  haloid  ether  by  simply  acting  with  pototsiuna 

hydrate,  or  better  with  argentic  oxide  in  the  presence  of  water,  thus  :- 

iCaH,I  +  Ag,OtIIjO  =  3C,H,HO+2AgI. 
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4.  Any  alcohol  may  also  be  prepared  from  that  immediately  below  it  in  the 
series  by  taking  advantage  of  the  isomerism  of  cyanides  and  nitrils 
already  referred  to  under  cyanides.  Thus,  starting  with  methyl  alcohol, 
we  prepare  methyl  iodide,  from  this  we  then  form  methyl  cyanide  by  the 
action  of  potassium  cyanide.  By  now  digesting  meUiyl  cyai^ide  with 
sodium  hydrate  we  obtain  sodium  acetate,  which,  by  distillation  with 
potassium  formate,  yields  acetic  ald^hyd.  Lastly,  by  acting  on  the  aldehyd 
with  nascent  hydrogen,  we  obtain  ethyl  alcohol. 

CH3HO   +  HI  =      CH3I      +HjO. 

CH3I     +         KCN  =     CH3.CN  +KI. 

CH3.CN  +NaHO  +  2HgO  =  NaC8H308  +  NHj  +  H3O. 
NaC2H302+       KCHOj       =  C3H3O.H +KNaC08. 
CgHgO.H  +  Hj  =  CjIxg.riO. 

The  various  decompositions  which  alcohols  suffer  in  forming  haloid,  simple 
or  compound  ethers,  aldehyds,  acids,  etc.,  will  be  fully  considered  under  their 
respective  headings  in  future  chapters. 

METHYL  HTDEATE  (Syns.  MethylU  Alcohol  Carbinol  Wood  Spirit. 
Wood  Naphtha,  Pyroxylic  Spirit,  Fyroligneous  Spirit).  Formulai 
CH3HO.    Molecular  Weight,  32.    Specific  Gravity  at  59°  F.  *814. 

Was  discovered  by  Taylor  in  181 2,  and  is  one  of  the  products  of  the 
destructive  distillation  of  wood.  It  can  also  be  obtained  from  some  essential 
oils,  and  similar  vegetable  constituents.  It  may  be  made  by  direct  synthesis 
from  inorganic  materials,  by  mixing  methyl  hydride  (marsh  gas,  CH^) 
with  chlorine,  and  exposing  the  mixture  to  sunlight.  This  yields  methyl 
chloride,  CH3CI,  which  is  converted  into  methyl  hydrate  by  heating  for  some 
days  to  212°  F.  with  potassium  hydrate.  In  the  manufacture  of  wood  spirit, 
the  wood  is  enclosed  in  retorts,  and  subjected  to  heat.  At  the  end  of  the 
distillation  a  very  complex  distillate  is  obtained,  containing  about  one 
hundredth  part  of  wood  spirit  The  lighter  portions  of  the  distillate  are 
poured  off,  mixed  with  calcium  oxide,  and  redistilled  at  steam  heat  \  which 
process  is  repeated  until  a  sufficiently  pure  product  has  been  obtained. 

If  it  be  desirable  to  produce  a  still  purer  spirit,  the  last  distillate  is  mixed 
with  calcium  chloride,  when  a  considerable  amount  of  heat  is  generated,  and 
a  combination  is  formed  having  the  formula  CaCla-CHjIIO,  which  is  not  de- 
composed at  steam  heat.  The  whole  is  redistilled  below  212°.  The  impurities 
pass  over,  leaving  the  compound  already  referred  to  in  the  retort.  The 
residual  liquor  is  mixed  with  water,  which  causes  the  separation  of  the  pure 
methyl  hydrate,  when  it  is  once  more  rectified  over  calcium  oxide. 

Methyl  hydrate  is  a  colourless  and  very  mobile  liquid,  burning  in  the  air  with 
a  flame  which  is  rather  paler  than  that  of  ordinary  "alcohol."  It  possesses  a 
characteristic  odour,  has  a  specific  gravity  of  798  at  68°  F.,  and  boils  at  151°  F. 
It  may  be  preserved  without  change  in  contact  with  the  air,  but  in  the  presence 
of  an  oxidizing  agent,  such  as  platinum  black,  it  is  converted  into  its  acid 
(formic)  HCHO3;  which  by  boiling  with  potassium  carbonate,  yields  potassium 
formate.  When  treated  by  processes  similar  to  those  already  described  as 
applicable  to  ordinary  "  alcohol,"  it  yields  chloroform  and  bromoform,  but 
not  iodoform.  A  mixture  of  90  per  cent,  of  ordinary  "  spirit  of  wine  "  and  10 
per  cent,  of  wood  spirit,  constitutes  commercial  methylated  spirit,  used  in 
the  arts  and  in  the  laboratory,  but  which,  being  totally  unsuited  for  internal 
administration,  is  not  liable  to  duty.  As,  however,  it  is  sometimes  said  to  be 
substituted  by  the  unprincipled,  either  in  part  or  wholly,  for  "  spirit  of  wine  ** 
in  medicinal  preparations,  its  detection  becomes  a  matter  of  importance. 

(Ste  Author's  Analytical  CliemiBtzy, /^^^  195.) 


ALCOHOL.— FERMENTATfON. 


"StSth    HTDRATE   (Svns.   AUoh/j!.      Ethylk  Akolwl.      Spirit  of  Wim. 
Vittic  \absolu!e\  Alcohol).    Formnla,  CiH^HO.    Molecnlar  Weight,  46. 

Is  obtained  from  wine  and  other  fermented  liquors,  and  from  these  it  may 
be  separated  by  distillation  at  steam  heat,  and  concentnted   by  frciiuent 
redistillation.     Alcohol  is  always  produced  when  sugar  or  any  vegetable  sub- 
stances containing  saccharine  matters  are  subjected  to  the  process  Icnown  as 
rcrmentatian.   There  are  several  varieties  of  fermentation,  each  of  which  take*  J 
place  in  a  specific  manner,  producing  a  characteristic  result,  and  is  induced! 
either  by  certain  nitrogenous  bodies,  or  by  the  presence  of  inmute  living! 
organisms,  chiefly  vegetable.  I 

The  class  produced  by  simple  chemical  means  are  sometimes  called  "Falsel 
fermentations,"  while  those  induced  by  the  presence  of  organisms  receive  thel 
name  of  "  true  fermentations." 

Among  the  former  may  be  noted  ;— 

The  laccharine  fermentation,  which  Is  the  change  of  starch  into  dextrin,! 
and  of  dextrin  into  sugar,  by  the  action  of  a  nitrogenous  substance,  calledj 
diastase.  This  change  is  the  one  which  takes  place  during  the  germinatioul 
of  seeds  when  planted  in  the  ground,  and  also  in  the  artificially-producedl 
germination  of  barley,  known  as  malting.  The  barley  is  steeped  in  wateivl 
and  then  spread  on  a  floor,  in  a  house  s^recialty  constructed  for  the  purposej 
in  which  a  proper  temperature  is  maintamed,  coupled  with  the  free  access  crfS 
air,  and  the  exclusion  of  light  to  a  considerable  cxtbnt.  Under  these  coikI 
ditions  the  grain  swells,  and  the  action  of  the  diastase  commences  ;  thcT 
starchy  matter  of  the  barley  takes  up  the  elements  of  water,  and  is  converted  I 
into  dextrin  and  sugar  by  a  simple  re-arrangement  of  its  constituents,  thus  :- 
3CflH,oOi  +  H„0  =  aC«H,„Oj  -i-  CM^fi^. 
(Starch.)      (Water.)      (Dextrin.)     (Glucose.) 

^\'hcn  the  action  is  judged  to  have  proceeded  sufficiently,  it  is  stopped  by 
Iranaferrijig  the  malt  to  a  kiln,  in  which  it  is  subjected  lo  heat.  The  pro- 
duction of  malt  in  this  way  is  the  first  step  in  the  commercial  manufacture  of 
aJeohol.     The  chief  remaining  false  fennentations  are ; — 

1.  The  production  of  volatile  oil  of  bitter  almonds  by  the  action  of  &  . 
ferment  called  emalsin  upon  the  amygdalin  of  bitter  almonds,  thus : — 

C(>Hj;N()„   +    sHjO    =    C-H,OH     -^        HCN       +    2C„H„0g. 
(AmygiJaJin.)      (Water.)     (Oil  of  Bitter    (Hydrocyanic      (Glucose,) 
Almonds.)  Acid.) 

Eniul.sin  is  sometimes  termed  >ynaptase. 

2.  The  production  of  volatile  oil  of  mustard  by  the  action  of  mjTOBifl 
ttpon  tile  potassium  myronate  of  bbck  mustard  seed,  thus : — 

K,C,cHs,.SjN,Oie  -  aC^HjCNS  +  3(KHSO,)  +  2C,H„0(  +  HjO. 
(Potassium  Myronatc.)    (Volatile  oil  (Hydrogen-        (Glucose.) 

of  Mustard.)  Potassium  Sulphite.) 

3.  The  change  of  tannic  acid  into  gallio,  by  the  action  of  a  fcrmcnl  which! 
has  not  yet  been  isolated,  but  which  exists  in  the  galls  And  becomes  active  i 
when  they  arc  stec[ied  in  water  and  exposed  to  warmth,  thus : — 

C»jH«0,i  +  4H,0  =  3H,CjH,0,  +  C,H,A- 
(Tannic  Acid.)  (Gallic  Acid.) 

4.  The  action,  when  starchy  tnatters  are  chewed  in  contact  with  the  saliva 
of  the  mouth,  which  is  due  to  the  presence  of  3  ferment  called  p^alilL 

5.  The  action  which  is  exerted  by  the  pancreas,  and  which  aids  in  tbc4 
digestion  of  fatly  matters  taken  in  oui  food,  which  is  determined  by  a  fat 
odled  puureatin. 
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6.  The  digestion^  in  the  stomachy  of  fleshy  matters,  by  means  of  a  ferment 
called  pepsin. 

The  chief  of  the  "  true  fermentations/'  is  that  which  is  employed  in  the 
manufacture  of  alcohol,  and  consists  of  the  conversion  of  sugar  into  alcohol, 
in  the  presence  of  yeast 

This  ferment,  when  examined  under  the  microscope,  is  found  to  consist  of 
an  immense  mass  of  cells  continually  increasing  in  number.    They  are  gene- 
rally held  by  observers  of  the  present  day  to  be  of  vegetable  origin,  and  to 
constitute  the  yeast-plant^  or  Torula  cerevisia. 

When  a  solution  containing  the  special  variety  of  sugar  called  gliuose  is 
mixed  with  yeast,  and  maintained  at  a  temperature  of  65®  to  85°  F.,  the  action 
immediately  commences,  and  the  sugar  becomes  converted  almost  entirely 
into  carbonic  acid  gas  and  alcohol,  thus  : — 

QHigO.  =  2C2H5HO  +  2CO,. 
(Glucose!)      (Alcohol. ) 

Besides  these  bodies,  small  quantities  of  other  matters  are  produced,  and 
M.  Pasteur  gives  the  following  as  the  exact  result  of  the  fermentation  T)f 
105*36  grammes  of  pure  glucose : — 

Alcohol        .         .  • 51*11 . 

Carbonic  Anhydride 49*42 

Succinic  Acid '67 

Glycerin 3-16 

Cellulose,  and  other  matters  of  the  yeast-plant      .  I'oo 

105*36 

In  the  ordinary  commercial  fermentations,  when  raalt  is  used  instead  of 
sugar,  the  formation  of  alcohol  is  accompanied  by  the  production  of  many 
other  substances,  and  notably  of  amyl  hyckate. 

The  remaining  "  true  fermentations  '*  are : 

T.  Acetic  fermentation ;  which  is  the  change  of  alcohol  into  acetic  acid, 
and  takes  place  when  fermenting  liquors  are  freely  exposed  to  the  air. 

2.  Lactic  fermentation;  which  is  the  change  of  organic  matters  into  lactic 
acid  by  the  action  of  a  ferment,  and  most  easily  originates  in  milk. 

Alcohol  is  met  with  commercially  in  one  or  other  of  the  following  forms-: — 

I.  SpirituB  EectiflcaltuB.  Rectified  Spirit  of  Wine^  or  (simply)  Rectified 
Spirit, 

Is  prepared  commercially  by  a  process  which  has  three  distinct  steps. 

1.  The  preparation  of  the  mash, — The  flour  of  grain  of  various  kinds,  and 
frequently  crushed  potatoes,  is  mixed  with  a  little  malt  obtained  as  abready 
explained.  The  whole  is  then  soaked  with  warm  water,  and  beaten  to  a  mash 
in  a  suitable  apparatus.  When  thoroughly  reduced  to  a  pulp,  it  is  allowed 
to  stand  for  some  hours,  and  by  the  action  of  the  diastase  in  the  malt,  the 
saccharine  fermentation  sets  in,  and  the  whole  becomes  a  translucent  fluid, 
with  a  sweet  taste. 

2.  The  fermentation  of  the  mash. — The  liquid  obtained  in  the  last  process  is 
mixed  with  yeast,  and  allowed  to  ferment  until  the  sugar  has  been  sufficiently 
changed  into  alcohol,  which  is  known  by  its  decrease  in  specific  gravity,  called 
by  distillers  its  degree  of  attenuation. 

3.  The  distillation  of  the  fermented  mash. — The  attenuated  liquor  is  intro- 
duced into  a  still,  where  it  is  heated,  and  a  very  dilute  alcohol  is  obtained, 
which  is  then  concentrated  by  a  redistillation  in  a  special  apparatus.  This 
process  is  called  rectification^  and  is  continued  until  the  spirit  is  of  the  desired 
strength. 


SPIRiTVS  RECIIFICATUS.-SPI^ITUS  TENUIOR.  93M 

Xtftified  Spirit,  B,P.,  contains  84  per  cent,  of  alcohol,   and  is  colourless, 
transparent,  very  mobile  and  inilammablc,  of  3  peculiar  pleasant  odour,  and  a 
strong  spirituous  burning  taste.     Burns  with  a  blue  flame,  without  smoke. 
Specific  gravity,  o'838.     Remains  clear  when   diluted    with    distilled  waterj 
(absence  of  oily  and  resinous  matters).     Odour  and  taste  purely  alcohoU^| 
(freedom  from  aldehyd  and  aniyl  hydrate).    Pour  fluid  ounces,  with  thir^fl 
grain-m ensures  of  the  volumetric  solution  of  argentic  nitrate,  exposed  foA 
twenty-four  hours  to  bright  light,  and  then  decanted  from  the  black  powden 
which  has  formed,  undergo  no  further  change,  when  again  exposed  to  ligh^B 
with  more  of  the  test  (presence  of  a  trace  only  of  aldehyd  and  amyl  hydratefl 
the  B-P.  allowing  an  amount  of  these  impurities  equivalent  to   al  grains  («"* 
argentic  nitrate  per  pint  of  si>irit,  as  it  would  be  impossible  to  obtain  com- 
nteicial  alcohol  entirely  pure). 

II.  Spiritns  Tennior  (Svn.  Pronf  Spirit).  u 
Is  a  mixture  of  recliHed  spirit  and  water,  containing  4g'is  per  cenL  l^M 

weight  of  alcohol,  or  56'85  ]>er  cent,  by  volume,  at  Co"  F.  It  is  prejiared  l^fl 
mixing  hve  pints  of  rectified  spirit  with  three  pints  of  pure  water,  and  ibfl 
Specific  gravity  should  be  '920.  fl 

When  tile  water  and  spirit  are  mixed,  a  reduction  in  volume  of  the  whola 
takes  place;  so  that  if  100  volumes  of  rectified  spirit  be  mixed  with  six^m 
volumes  of  water,  the  resulting  proof  spirit  would  only  measure  156  valumeB.n 

In  applying  to  alcohol  the  dilution  test  (for  oils  and  resinous  mailers),  or  ' 
in  making  proof  spirit,  the  mixture  must  be  allowed  to  stand  for  some  tims  ! 
before  an  opinion  is  formed  of  the  presence  or  absence  of  these  bodies.  The 
rcuon  for  this  delay  is,  that  distilled  water  almost  invariably  contains  air, 
which,  though  soluble  in  water,  is  almost  insoluble  in  dilute  spirit  On  die 
addition  of  the  latter,  therefore,  it  is  expelled  from  solution  in  the  form  of 
smill  bubbles,  which  by  reflecting  the  light  in  every  direction,  impart  to  the 
sotution  an  opalescent  appearance. 

Proof  spirit  owes  its  name  to  the  fact  that  it  is  the  excise  unit,  according  J 
to  which  the  duty  is  charged  ;  and  in  former  limes,  before  the  invention  of  J 
hydrometers,  the  excise  officers  used  to  put  spirit  to  the  proof  by  moistcningJ 
a  little  gunpowder  with  the  sample,  and  applying  a  light;  when,  if  the  spin3 
-nrcre  stronger  than  /nv/  the  gunpowder  would  take  fire.  In  calculating  tli^j 
strength  of  spirit,  the  legal  instrument  for  use  in  this  country  is  Syke^fl 
hydrometer,  which  is  floated  in  the  spirit,  and  a  reading  being  taken,  togethqj 
*  with  the  temperature  of  the  spirit,  a  set  of  tables  (sold  with  the  instrumcntA 
is  icfencd  to.  and  the  strength  of  the  spirit,  over  or  under  proof,  is  ascei4 
tained,  Aa  this  hydrometer  becomes  unavailable  for  mixtures  coulaining  id 
large  percentage  of  sugar,  endeavours  arc  being  made  to  encourage  the  di»4 
covery  of  a  process  by  which  it  may  be  possible  to  determine  the  amount  ofl 
alcohol  in  any  mixture,  no  matter  how  comiwscii.  by  one  single  opctatibn.       ■ 

Proof  spirit  being  considered  as  unity,  it  is  evident  that  spirit  of  wine,  B.P.,  V 
which  requires  to  be  diluted  with  water  in  the  proportion  to  make  loovolumts  \ 
up  to  156.  is  itself  56  degrees  over  proof.  In  the  same  way,  a  spirit  which  j 
requires  that  water  should  be  added  until  100  volumes  measure  130  before  it  J 
is  reduced  to  proof  strength,  would  be  30  degrees  over  proof.  J 

III.  Abaolttte  Alcohol  is  prepared  by  keeping  one  pint  of  rectified  spirit  tofl 
contact  with  ij  ounce  of  dry  potassium  carbonate  in  a  stop|K;retl  bottle  foifl 
two  days,  .ind  then  distilling  over  10  ounces  of  freshly-burned  (juickliroe  atl 
a  tcmpcniurc  noi  exceeding  Joo°  F.  The  first  i\  fluid  ounce  which  comet  ] 
over  should  be  rejected.  J 

Thus  |.rciiared,  ethyl  hydrate  is  a  folourless,  volatile,  .ind  mobile  li^juid. 
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having  a  specific  gravity  of  795,  which  should  show  perfect  freedom  from 
water  by  not  turning  anhydrous  cupric  sulphate  blue. 

It  registers  (according  to  the  Inland  Revenue  calculation)  74  per  cent  over 
proof  by  Sykes'  hydrometer. 

Alcohol  is  a  powerful  preserver  of  animal  and  vegetable  substances,  and  is 
therefore  used  as  an  antiseptic.  It  is  employed  in  analysis  as  a  solvent,  and 
also  as  a  precipitant  of  many  substances  from  a  watery  solution.  Precipitates 
which  are  slightly  soluble  in  water  are  frequently  washed  with  dilute  alcohol, 
and  it  is  also  employed  to  some  extent  as  a  reducing  agent  A  solution  of 
potassium  chromate,  for  example,  when  heated  with  hydrochloric  acid  and  a 
few  drops  of  alcohol,  becomes  reduced  to  chromic  chlopde.  When  the 
vapour  of  alcohol  is  passed  through  a  red-hot  tube,  it  deposits  carbon  and 
evolves  carbonic  acid  gas  and  steam,  together  with  a  complex  mixture  of 
hydrocarbons.  It  bums  in  the  air,  producing  carbonic  anhydride  and  water. 
In  contact  with  a  heated  spiral  of  platinum  wire,  or  a  little  platinum-black, 
the  vapour  of  alcohol  undergoes  a  slow  and  imperfect  combustion,  yielding . 
very  irritating  vapours  containing  carbonic,  acetic,  and  formic  acids,  together 
with  aldehyd,  acetyl,  and  wat^.  Heated  with  soda-lime,  it  evolves  hydrogen 
and  forms  acetates  of  -the  metals  sodium  and  calcium. 

Strong  nitric  acid  oxidizes  it  rapidly  with  a  violent  evolution  of  gas  and 
production  of  heat  Elxcess  of  alcohol,  heated  at  a  proper  temperature  with 
strong  sulphuric  acid,  yields  ethyl  oxide  (ether),  but  if  the  acid  be  in  excess, 
and  the  temperature  high,  ethylene  (olefiant  gas)  is  produced  instead. 

The  metals  potassium  and  sodium  decompose  alcohol,  evolving  hydrogen, 
and  forming  potassium  or  sodium  ethylate.  This  body  is  also  formed  in 
alcoholic  solutions  of  potassium  hydrate ;  but  when  such  solutions  are  exposed 
to  the  air  for  a  long  time^  they  eventually  decompose,  and  form  a  resinous 
matter  and  potassium  acetate. 

When  alcohol  is  mixed  with  water,  considerable  heat  is  evolved,  and  the 
resulting  dilute  spirit  has  a  different  specific  gravity  from  that  which  would  be 
expected  by  calculation.  Owing  to  the  great  difficulty  of  preserving  it,  pure 
alcohol  has  only  a  very  limited  number  of  applications. 


BUTYL  HYDRATE  (Svns.  Propyl  CarhinoL     Tttryl  Hydrate). 
Formula,  C^H^O,  or  CH^H^JIO. 

Is  of  interest  because  frequently  contained  in, the  fusel  oil  which  is  used  to 
prepare  pharmaceutical  valerianates.  It  can  be  procured  from  the  majority  of 
samples  of  the  commercial  fusel  oil  by  fractional  distillation,  the  portion 
coming  over  between  220°  and  246°  F.  being  chiefly  butyl  hydrate. 

AMYL   HYDRATE    (Syns.    Amylic  AkohoL     Isopmtyl  Hydrate.     Isobutyl 
Carbinol.    OH  of  Grain).    Formula,  C^HnHO,  or  CH.(CHs)a.C2^4.H0. 

Is  produced  in  an  impure  form  {as  fusel  oil)  during  the  fermentation  of 
potatoes,  and  when  the  spirit  is  distilled  it  passes  over  with  the  last  portions 
of  the  distillate,  which  are  milky. 

It  may  be  purified  by  digestion  with  calcium  hydrate  and  hot  water,  recti- 
fying over  calcium  chloride  at  a  temperature  not  far  from  270°  F.,  rejecting 
that  which  comes  over  below  265^  or  above  275°  F.  It  is  contained  in 
ordinary  spirit  derived  from  farinaceous  sources  (especially  from  raw  grain 
and  potatoes),  and  is  dangerous  to  health  when  present  to  any  considerable 
extent  in  spirits  intended  for  drinking  purposes,  a  small  quantity  causing 
giddiness,  nausea,  and  other  unpleasant  symptoms.     A  few  drops  of  the  pure 


AUYUC,  CETVL,  CEROTIC,  MELYL,  ALCOHOLS. 

aiii)l  hydijtc  will  produce  all  the  effects  of  a  large  quantity  of  spirit,  leaving 
tlie  partaker  in  a  most  deplorable  condition. 

Fiisel  oil  is  a  colourless  liquid,  with  a  penetrating  and  oppressive  odotif] 
and  a  burning  taste.  When  pure,  its  specilic  gravity  is  'Si8,  and  its  boiling 
|>ovnl  I  jo"  F.,  or  5°  lower  than  that  of  the  normal  alcohol.  Sparingly  soluble 
in  water,  but  soluble  in  all  proportions  in  alcohol,  ether,  and  essential  oils. 
Exposed  lo  the  air  in  contact  with  platinum- black,  it  is  slowly  oxidized, 
}'K{ding  isovaleric  acid. 

\VK«o  ignited  U  produces  a  white  flame.  Phosphorus  and  sulphur  i 
slightly  soluble  in  aniylic  alcohol.  By  heating  with  potassium  dichromate  andl 
sulphuric  acid,  valerianic  aldehyd,  acid  and  aniyl  valerianate  arc  formcdX 
IVben  a  mixture  of  potassium  and  calcium  hydrate  is  treated  with  aniytl 
hydrate,  at  428"  F.  in  closed  vessels,  ijotaswum  valerianate  is  produced  a 
hydrogen  liberated. 

In  ordinary  amyl  hydrate  there  arc  said  to  be  two  modifications,  one  of " 
which  docs  not  affect  poWizcd  light,  whilst  the  other  causes  right-handed 
rotation. 


HEXDECYL  HTDBATE  (3vn-«.  Cdyl  Akoho!.    £tiial).    rormBla,  C,aH33.Hafl 

Prepared  from  spermaceti  (fitateum,  B.P.),  a  crystalline  fatty  body  foundl 
in  the  head  of  the  spcmi  whale.     In  ceiaccura  the  radical  C,jHs,  takes  the  | 
pUce  which  in  most  fats  is  o^^cupied  by  glyceryl,  CjH, ;  and  spermaceti  is  ' 
iherefure  nearly  pure  cetyl  palniitale,  CijH,jCi,HjiOj,   sometimes  termed  . 
cetine.     The  spermaceti  is  saix)nilicd   with  caustic   potash,   and  the  ccqAJ 
alcohol  formed  is  dissolved  out  by  alcohol  and  a^crwaids  purified  by  crjst^ 
luuitions  from  ether.     Hexdecyl  hydrate  is  a  tasteless,  odourless,  white  crysta* 
line  mass.     It  melts  at  about  i32°  F.     It  dissolves  freely  in  alcohol,  but  i| 
insoluble  in  water.     It  distils  at  a  high  temperature  and  without  dccomiK)*] 
silun.     1-Icatcd  with  potash  and  lime,  it  is  converted  into  palmitic  acid,  with 
erolution  of  hydrogen. 

C£STIi  HtDRAT£  (Syns.  Cm>lic  Alet>kol.  Ctrofmf),    Formula,  Cj,H,(.HO. 

This  alcohol  is  obtained  from  Chinese  wax,  which  is  chiefly  composed  of 
cei>'l  ctTotaie.     It  is  prepared  by  saponification  much  in  the  same  manner  as  J 
cetyl  alcohoL     It  is  a  wax-like  substance,  melting  at  zo6  6"  F.     It  distils  81  ^ 
high  lenipcnitiire  with  partial  decomposition.     When  heated  with  a  mixture  df| 
potash  nnd  lime,  it  gives  off  hydrogen,  and  is  converted  into  cerutic  acid. 


JK7SIC7L  HTDBATE  (Svss.  Mdyl  or  Mdhsyl  AUohol). 
Fonuola,  C^H^-Ha 

This  is  the  highest  member  of  the  C.Hj,+,HO  scries  at  present  known. 
It  contains  over  Ui  jxrr  cent,  of  carbon,  whereas  methyl  alcohol,  the  lowest  of 
the  series,  contains  only  40  per  cent. 

ft  is  obtained  by  s.-i|ionilication  from  myricine  (the  portion  of  beeswax 
iosotuble  in  boiling  alcohol,  and  which  consists  of  myricyl  palmiiate).  the 
process  being  the  same  as  that  employed  for  cetyi  and  ceryl  alcohol.  Thus 
|tf«parcd,  myricyl  alcohol  is  a  crystalline  substance  having  a  silky  lustre. 
iQcIls  at  about  185''  F.  When  heated  it  sublimes  with  |>artial  decompositioi 
Heated  with  potash  Itme  it  is  converted  into  potassium  melissate  widi  c 
ttoa  of  hydrogen. 
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II.  MONATOMIC  ALCOHOLS  OF  THE  SERIES  QHs^.^HO. 

Only  one  alcohol  of  this  series  has  been  obtained,  namely,  allyl  alcohoL 
The  substance  known  as  vinyl  alcohol  was  long  placed  in  this  series ;  but 
recent  researches  have  shown  it  to  consist  of  crotonic  aldehyd. 

ALLTL  ALCOHOL.    Formula,  CsH^'.HO. 

Prepared  indirectly  from  glycerin  by  submitting  it  to  the  action  of 
diphosphorous  tetriodide,  when  allyl  iodide  is  obtained : — 

2CsH6'"(HO)8  +  P2I4  =  aCjHj'.I  +  2H3PO8  +  \^ 

The  allyl  iodide  is  then  decomposed  by  silver  oxalate,  when  allyl  oxalate 
is  formed : — 

2C3H5'.I  +  AgA04  =   (C8HB)2'C20^+2AgL 

The  allyl  oxalate  is  next  submitted  to  the  action  of  ammonia,  when 
oxamide  and  allyl  hydrate  are  produced  : — 

(C3H5)3C204+2NH8  =  C  ANgH^  +  ^QHg'HQ. 

Allyl  alcohol  is  a  coloiurless  liquid  having  a  burning  taste  and  a  mustard- 
like spirituous  smelL  It  bums  with  a  bright  flame  and  is  miscible  in  all 
proportions  with  water,  alcohol,  and  ether.  Boiling  point,  217*5**  ^'  Allyl 
alcohol  is  a  primary  alcohol,  and  in  all  ordinary  reactions  behaves  like  ethyl 
alcohol.  By  the  action  of  platinum  black  or  a  mixture  of  sulphuric  acid  and 
bichromate  of  potash,  allyl  alcohol  is  transformed  first  into  acroleine  and 
then  into  acrylic  acid.  Strong  H9SO4  converts  it  into  allyl  sulphuric  acid, 
C3H5  HbO^. 


III.  DIATOMIC  ALCOHOLS,  OR  GLYCOLS,.  (CnH3J"2HO. 

The  glycols  are  derived  from  the  saturated  hydrocarbons  by  the  sub- 
stitution of  2 HO'  for  2H.  Like  the  monatomic  alcohols,  they  furnish  ethers, 
aldehyds,  and  acids  \  but  while  the  former  can  only  yield  one  each  of  these 
derivatives,  the  glycols,  being  diatomic,  generally  yield  two  of  each  and  pass 
through  two  successive  steps  of  etherification,  dehydrogenation,  and  oxidation. 

The  glycols  are  formed  by  the  following  general  processes : — An  olefine  is 
combined  with  bromine,  and  the  dibromide  formed  is  treated  with  silver 
acetate,  and  thus  converted,  into  a  glycol  diacetate.  The  diacetate  is  now 
acted  on  by  potassium  hydrate,  when  it  yields  potassium  acetate  and  the 
required  glycol. 

The  glycols  are  colourless,  inodorous,  viscid  liquids  having  a  sweetish 
taste;  freely  soluble  in  water  and  alcohol.  When  subjected  to  the  action 
of  oxidizing  agents  they  give  up  two  or  four  atoms  of  hydrogen  in  exchange 
for  oxygen  and  yield  two  distinct  acids. 

METHYLENE  HYDRATE  (Svn.  Methylene  Alcohol).    Pormnla,  CH22HO. 

Is  not  at  present  known,  though  ethylene  hydrate,  the  next  member  of  the 
series,  is  easily  obtained. 

ETHYLENE  HYDRATE  (Syns.  Glycol     Ethyl  Glycol.    Ethylene  Alcohol). 
Formula,  Qi^^lSL^. 

Is  procured  by  treating  ethylene  acetate  with  potassium  or  barium  hydrate. 

CaH^2CaH80a+2KHO  =  C2H^2HO  +  2KC2H30j. 


DIATOMIC  AND  TR! ATOMIC  ALCOHOLS. 

The  ethylene  acetate  is  the  result  of  acting  upoti  ethylene  bromide,  pro- 
duced by  direct  combination  of  ethylene  (olefiant  gas)  and  bromine  with 
potassium  or  aigentic  acetate.  It  is  of  interest  as  yielding  oxalic  acid  by 
oxtdaiion.  Glycol,  as  it  is  usually  termed,  is  a  syrupy,  colourless  liquid, 
soluble  in  water  and  alcohol,  but  only  dissolving  in  a  relatively  large  amount 
of  ether.  It  boils  at  387°!''.,  and  has  a  specific  gravity  of  rii5.  It  dissolves 
inuiy  bodies  which  are  soluble  in  alcohoL  When  diluted  with  water,  and 
the  solution  brought  in  contact  with  platinum-black,  glycollic  acid,  a  body 
intermediate  betxieen  glycol  and  oxalic  acid,  is  formed,  having  the  formula 
C|H,0.2H0.  Heated  with  potassium  hydrate  to  480°  F.,  hydrogen  is 
ctiniinated  and  potassium  oxalate  produced. 

QH42H0  +  2KH0  =  KjC304  +  4Hj. 

PBOPTLENE  HYDRATE  {Syns.  HydraU  0/  Tritylaie.      Propylene  AlaihelT 

Trilyl  Glycol).     Formula,  CsHfl.3H0. 

Is  not  of  pharmaceutical  interest  except  as  the  source  of  derivation  of  lactic 
acid.     Prepared  like  ethylene  hydrate. 


TETBYLENE,    or    BUTTLENE    HYDRATE    (Syns.  Tetrylcne  or  ButyUn 
AlCiikoL    Bulyl  or  Tetryl  Glycol).    EormuU,  C.Hg.SHO. 

Owes  its  interest  to  the  fact  that  it  yields  succinic  acid  by  oxidation.  I 
may  be  produced  by  acting  upon  tetryUne  acetate,  with  potassium  hydrate,  a 
In  llie  preparation  of  glycol. 


IV.  TRIATOiMIC  ALCOHOLS  OF  THE  SERIES  C.H^.i.3H0.  ^ 

These  hydrates  may  be  regarded  as  derived  from  a  triple  molecule  of  water, 
H,Ov  by  substitution  of  a  trivalent  alcohol  radical  for  three  atoms  of  hydrogeiL 
The  iriatomic  alcohols  are  able  to  exchange  part  or  the  whole  of  ihcir 
hjrdroxyl  for  a  halogen  element  or  acid  radical,  thus  glycerin  forms  three 
li^rochloric  ethers  : — 

isL  C,H5"'Cl(H0)i,     and.  C3Hi"'Cl3(HO),  and    3rd.  CjH,'"as, 
which  are  known  as  chlorhydrina,  and  are  obtained  by  the  direct  action  of 
hydrochloric  acid  u|>on  glycerin.      There  are  only  two  iriatomic  alcohols 
uowD,  namely,  propenyl  hydrate  or  glycerin,  and  pentenyl  or  amyl  glj-cenn. 

GLYCERYL  HYDRATE  (Sv.vs.  Glycerin.  Propenyl  Alcohoi.  Glyceric  A laheil). 
Formula,  CjH^.3H0. 

This  important  body  is  a  bye-product  in  the  preparation  of  the  fatty  acids 
for  the  purpose  of  making  soap  and  candles,  and  also  In  the  pharmaceutical  < 
preparation  of  lead  plaster.  It  exists  free  in  palm  oil  and  some  other  varieties 
of  vegetable  oils,  whence  it  can  be  dissolved  out  by  agitation  with  hot  water, 
and  (as  has  been  already  shown  under  Alcoholic  Fermentation)  is  formed  in 
the  production  of  wine  anit  beer. 

Formerly  glycerin  was  entirely  obtained  by  the  saponification  of  olive  oil 
with  plumbic  oxide  ;  but  its  great  liability  to  contain  lead  when  thus  prepared 
has  <:auscd  the  almost  toial  discontinuance  of  this  process. 

If  it  be  desirable  to  procure  a  small  quantity  for  experimental  or  other 
purposes,  plumbic  oxide  and  olive  oil  are  heated  together  until  the  B.P.  leail 
pbfitcr  is  formed,  and  the  aqueous  liquor  is  puritied  from  lead  by  mniu  of  a 
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stream  of  sulphuretted  hydrogen  gas ;  the  liquid  after  filtration  is  then  very 
gently  evaporated  to  a  syrup. 

The  process  which  is  most  generally  employed  at  the  presoit  time,  is  one 
depending  upon  the  dissociation  of  the  acids  and  the  glycerin  of  fats  by  the 
action  of  steam  at  about  580^  F.  The  distillate  which  results  consists  of  an 
aqueous  solution  of  glycerin  with  the  fatty  £lcids  floating  upon  its  surface. 
The  lower  layer  is  drawn  off  by  a  tap  near  the  bottom  of  the  condenser  and 
receiver  combined,  and  the  greater  part  of  the  water  is  removed  by  evaporation. 
When  thus  prepared,  and  its  specific  gravity  rendered  as  high  as  possible  by 
evaporation,  glycerin  is  a  dear,  colourless  fluid,  oily  to  the  touch,  without 
odour,  and  of  a  sweet  taste. 

It  cannot  be  crystallized,  and  is  soluble  in  water  in  all  proportions,  neutral 
to  test-paper,  decomposes  almost  entirely  on  beilig  heated,  and  when  abso- 
lutely free  from  water  exhibits  a  specific  gravity  of  1*26  at  60°  F.  although  the 
commercial  article  rarely  exceeds  1*25.  Glycerin  dissolves  as  readily  in 
alcohol  and  chloroform  as  in  water,  but  ether  entirely  fails  to  take  it  up. 
Iodine  is  soluble  to  a  large  extent  in  glycerin,  forming  an  orange  solution,  but 
no  chemical  action  takes  place.  Glycerin  forms  salts  with  hydrates  somewhat 
resembling  saccharates,  but  less  readily  decomposed.  For  example,  calcium, 
barium,  and  strontium  saccharates  are  decomposed  by  carbonic  anhydride,  but  the 
glycerin  compounds  of  these  metals  are  not.  Potassium  and  sodium  hydrates, 
and  all  salts  having  a  great  affinity  for  water,  and  consequently  deliquescent, 
dissolve  in  glycerin.  But  this  is  not  the  only  class  of  salts  which  it  dissolves, 
for  it  takes  up  sodium  sulphate,  which  has  so  little  affinity  for  water  as  to  be 
positively  efflorescent;  also  zinc  and  potassium  sulphates,  potassium  and 
sodium  chlorides,  sodium  carbonate,  and  others.  The  solubility  of  plumbic 
oxide  in  glycerin  explains  the  fact  that,  when  obtained  by  the  action  of 
plumbic  oxide  on  olive  oil,  it  always  contains  lead  in  solution.  Insolubility 
in  water,  as  a  rule,  also  implies  insolubility  in  glycerin  ;  but  many  exceptions 
exist.  If  mixed  with  potassium  hydrate,  no  precipitate  is  formed  when  an 
excess  of  the  mixture  is  added  to  a  solution  of  cupriq  sulphate.  Some  alkaloids 
and  their  salts  are  taken  up  entirely  by  glycerin ;  others  dissolve  if  heated, 
but  separate  out  on  cooling.  If  then  the  mass  be  rubbed  while  cooling,  an 
emulsion  is  formed.  All  carbonaceous  acids  are  taken  up  by  this  remarkable 
solvent. 

The  solutions  of  carbolic,  gallic,  and  tannic  acids  in  glycerin  are  ofiicial. 
The  B.P.  also  contains  a  solution  of  borax,  and  a  mucilaginous  starch  mixture 
in  this  liquid. 

Glycerin  may  be  recognised  by  the  following  characteristics  : — 

1.  Its  specific  gravity. 

2.  Its  powerlessness  to  rotate  polarized  light. 

3.  It  should  be  easily  and  entirely  soluble  in  chloroform,  otherwise  it  con- 
tains glucose. 

4.  Sodium  hydrate,  when  heated  with  it,  produces  no  brown  colour 
(absence  of  glucose). 

5.  By  heating  with  strong  sulphuric  acid,  extremely  acrid  and  irritating 
vapours  are  evolved,  which  are  called  acrolein^  CsH^O.  These  vapours  are 
especially  irritating  to  the  eyes,  and  cause  a  copious  flow  of  tears.  Zinc 
chloride,  phosphoric  anhydride,  or  acid  potassium  sulphate,  may  be  substituted 
for  the  sulphuric  acid.  If  an  aqueous  solution  of  glycerin  be  employed,  it 
must  be  rendered  as  strong  as  possible  by  evappration,  to  ensure  the  success 
of  this  test. 

The  action  of  nitric  acid  upon  glycerin  produces,  according  to  dilution  and 
temperature,  either  nitro-glycerin  or  a  mixture*  of  glyceric  and  oxalic  acids. 
It  precipitates  gold  from  auric  chloride. 


NITRO-GL  VCEn!.\:—.\fANA'ITE. 

The  saJls  of  glyceryl  formed  from  glycerin  are  generally  called  by  spec 
names  derived  from  tlial  of  tlie  acid  which  may  be  contained  in  ^lem,  b 
sutiHtiluting  in  or  ine  for  iV. 

Thus,  glyceryl  mon-acetale,  C3Hj.CjHjOj.aHO,  is  termed  mon-a« 
glycctyl  ui-palmitatc,  tri-palmitin.  In  cases  in  which  all  of  the  hydtoxyi  I 
the  glycerol  hydrate  is  not  displaced,  tbe  whole  of  the  name  of  the  acid  cxcC ' 
the  last  syllalile  is  prefixed  to  the  word  hydrin :  thus,  monacetin  would  I 
monacei-hydrin.  Usually,  however,  it  is  the  hydrochloric  derivatives  I 
which  this  class  of  appellations  is  appUed,  because  of  the  i  neon  veil  ience  of  J 
word  benring  so  near  a  resemblance  to  chlorine  as  ehlorin, 

NITRO-OLTCERIH.    Formula,  C^Hj(N05)30,. 

A  terribly  explosive  agent,  obtainet!  from  glycerin  by  the  action  of  I 
mixture  of  strong  nitric  aT\d  sulphuric  acids  in  sutistituiing  nitryl  for  hydrt^eit^ 
It  it  a  heavy,  oily  liquid,  and  explodes  violenHy  by  percussion.  Dynam^^ 
litk^fradeur,  and  other  blasting  compounds,  all  depend  for  their  activity  oii<  J 
the  presence  of  nitroglycerin,  usually  finely  divided  by  being  mixed  with>l 
kond,  etc. 

V.  HEXATOMIC   ALCOHOLS. 

In  this  class  of  substances  are  included  three  of  the  natural  sugars,  mannhe^  i 
dulcilc.  and  sorbite,  and  the  compounds  known  as  saccharoses.    The  gtucostfa 
and  the  amyloscs  are  also  included  as  derivatives,  they  however  demand  ■ 
special  chapicr  to  llienisclves. 

MAITNITYL  HTDEATE  (Svns.  Mannitf.  Maiinitic  Alwhoi). 
Formula,  CgH^.6H0. 
lliis  body  exists  to  the  extent  of  60  to  80  per  cent,  in  manna,  B.P., 
which  it  may  be  extracted  by  alcohol,  The  natural  sources  arc  official^ 
stntcd  !o  be  the  Fraxinus  Ornus  and  F.  rotundifolta ;  and  from  these  it  f 
obtained  by  making  incisions  in  the  stems  of  trees  cultivated  for  the  pur[i 
chiefly  in  Sicily,  The  following  official  plants  also  conwin  mannitc  to  \ 
greater  or  less  extent,  Awnitum  NaptUut,  Punka  Granatum,  and  Canelia  alb^ 
It  luay  be  obtained  anihcially  by  subjecting  glucose  (C«H„Og)  to  the  acUoi 
of  nascent  hydrogen  (evolved  from  sodium  amalgam  oud  water),  whCD  tT 
decomposition  shown  below  occurs  ; — 

CjHyO,  +  Naj  +  aHjO  -  CflHg.eHG  +  aNaHO. 

Manna  is  met  with  in  commerce  in  stalactiform  pieces  from  one  to  stx  J 
inches  in  length,  and  one  or  two  inches  in  width,  uneven,  porous,  aqd  friable  ] 
curved  on  one  side,  of  a  yellowish-white  colour,  with  a  Cunity  nauseous  odour  I 
and  a  sweetish  taste.  It  consists  princtp.illy  of  manuite,  together  with  \ 
common  sugar  and  extractive  matter.  I'hc  mnnnite,  which  forms  from  60  to  I 
8d  ^  cent,  of  the  manna,  may  be  extracted  by  means  of  boiling  rectified  I 
spirit,  from  which  it  will  afterwards  separate  on  cooling  in  colourless,  shining  I 
crystals.  It  requires  five  parts  of  cold  water  for  its  solution,  and  this  docn  not  I 
undergo  vinous  fermentation  in  contact  with  yeast.  I 

Several  recrystalli/atiuns  from  alcohol  are  required  to  produce  it  in  a  putej 
State.      Unlike  most  sugare,  mannile  may  be  very  readily  crystallised  from  it" 
aqueous  solution,  and  without  uniting  with  any  water.     The  alcohol  be| 
adapted  for  dissolving  mannite  is  that  of  60  per  cent,  in  which  it  diasolVf 
to  the  extent  of  raj  pei  cent  iii  the  cold,  but  much  more  extensively  r*" 
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heated.  It  does  not  dissolve  in  ether,  but  water  takes  up  about  15*6  per  cent 
at  the  normal  temperature.  It  is  optically  inactive,  but  its  adulterations  and 
substitutions  rotate  a  polarized  beam  of  light  Mannite  melts  at  330^  F. 
By  oxidation  it  yields  mannitic  acid,  Q^^^y  and  mannitose,  CgHi^O^  With 
nitric  acid  it  yields  saccharic  acid,  and  ultimately  oxalic  acid.  '^  Heated  with 
organic  acids  it  forms  compound  ethers  which  are  termed  mannitanides.  It 
does  not  form  a  precipitate  when  heated  with  cupric  tartrate  and  potassium 
hydrate  in  excess,  nor  does  it  tiun  brown  when  boiled  with  the  latter  alone. 
Mannite  is  formed  when  sugar  undergoes  the  mucous  fermentation  (which 
takes  place  by  the  action  of  a  nitrogenous  ferment  in  the  presence  of  air), 
and  may  be  obtained  from  the  evaporated  solution  by  extraction  with  hot 
alcohol.  Ergot  of  rye  {ergota^  B.F.)  sometimes  contains  mannite,  as  also 
some  alga  and  fungi. 


VI.  ALCOHOLS  OF  THE  AROMATIC  SERIES.— 

PHENOLS. 

The  displacement  of  more  or  less  hydrogen  from  benzene  by  hydroxyl 
yields  a  series  of  alcohols  called  phenols.  They  differ  from  ordinary  alcohols 
by  having  a  somewhat  acidulous  nature  and  forming  comparatively  very  stable 
compounds  with  metals. 

They  may  be  prepared  by  heating  the  aromatic  oxy-acids  with  calcium 
oxide,  when  carbonic  anhydride  is  given  off  and  the  phenol  distils  over.  Thus 
salicylic  acid  so  treated  yields  phenyl  hydrate  (carbolic  acid). 

C7Hg03=  CeHB.HO  +  COa 

Of  all  organic  series  the  aromatic  is  the  most  interesting ;  but  we  are  limited 
by  our  scheme  to  the  consideration  of  those  members  employed  in  medicine 
or  pharmacy. 

PHENYL  HYDEATE  (Syns.  PhmoL     Carbolic  Acid.    Phcnic  Acid.     Coal 
Tar  Creasote).    Formula,  CeHgKO. 

Is  a  constituent  oi  castoreum,  B.P.,  and  may  be  obtained  by  heatmg  salicylic 
acid ;  but  in  practice  it  is  procured  from  coal  tar  by  distilling  uptil  a  solid 
substance  (anthracene)  begins  to  come  over.  The  product  is  then  placed  in 
another  retort,  and  the  distillate  passing  over  between  360°  F.  and  390°  F.  is 
mixed  with  a  solution  of  potassium  hydrate  containing  some  undissolved 
potassium  hydrate  in  powder,  when  the  oily  liquid  immediately  becomes 
solid.  It  is  then  dissolved  in  hot  water,  and  after  some  time  the  lower  liquid 
is  drawn  off  by  any  convenient  means.  Hydrochloric  acid  is  next  added 
until  the  liquid  becomes  neutral ;  and  the  supernatant  fluid,  having  been 
drawn  off,  is  agitated  with  water,  and,  after  digestion  with  calcium  chloride 
for  the  purpose  of  absorbing  the  water,  is  subjected  to  several  distillations. 
On  cooling  the  final  distillate  to  -18°  F.,  pure  phenyl  hydrate  crystallizes  out. 
Phenyl  hydrate  fuses  at  93°  to  95°  F.,  forming  a  colourless  oily  fluid.  The 
crystals  of  the  pure  acid  absorb  moisture  readily  from  the  air,  a  very  slight 
quantity  causing  their  deliquescence  from  colourless  needles  to  a  liquid 
similar  to  that  formed  by  the  application  of  heat  Calcium  chloride  removes 
the  moisture,  consequently  giving  rise  to  an  instantaneous  resolidification. 
Though  termed  an  acid,  it  does  not  affect  litmus  like  other  members  of  the 
acid  class.  It  is  a  powerful  antiseptic  When  pure,  it  is  met  with  in  colour- 
less acicular  crystals,  which  at  a  temperature  of  95°  become  an  oily  liquid 
having  a  strong  odour  and  taste,  resembling^  those  of  creasote,  which  it  also 
^nenaUes  in  many  of  its  characters  and  properties.    Its  specific  gravity  is 


CARBOUC  ACID.—CREASOTE. 

I'ofis;  boiling  point,  370°  F.  It  is  only  slightly  soluble  in  water,  biit  i 
freely  soluble  in  alcohol,  ether,  and  glyceria ;  coagulates  albumen  and  doi 
not  affect  the  plane  of  polarization  of  a  ray  of  polarised  light,  A  slip 
deal  dipped  into  it  and  aftencards  into  hydrochloric  acid,  and  then  allowoc 
to  dry  in  the  air,  acquires  a  greenish-blue  colour. 

Concentrated  sulphuric  acid  converts  it  into  phenyl  hydrogen- sulphate 
(sulpho-carbolic  acid,  CgHjHSO,).  By  passing  ammonia  gas  into  a  solutioi 
of  phenyl  hydrate,  and  heating  the  result  in  a  dosed  tube,  a  small  quantity  q 
aivi!&>rf  (phenylaniine,  C^Hj.HjN)  is  formed: — 

QHjHO-i-NHs-  C(Hs.H,N■^HlO 

A  solution  of  potassiutn  hydrate  does  not  dissolve  it  in  proportion  to  its 
strength,  and  unlike  ail  true  acids  (except  hydrocyanic),  it  does  not  decom- 
pose carbonates.  None  of  the  combinations  are  of  pharmaceutical  interest, 
except  those  produced  by  the  action  of  ammonia  gas,  sulphuric  acid,  and 
nitric  acid.  If  it  be  acted  upon  by  ammonium  hydrate  and  chlorinated,  ri 
lime,  it  gives  rise  to  a  blue  liquid,  which  wood,  or  true  creasote  does  nouf 
produce.  From  the  latter  it  also  differs  by  its  capability  of  ready  soUditica* 
tion ;  true  creasote  not  becoming  solid  at  -49"  F.  Phenyl  hydrate  does 
not  become  solid  after  being  melted,  whereas  if  creasote  be  heated  to 
an"  F.  and  maintained  at  that  temperature  for  some  hours,  a  solid  residue 
remains. 

The  following  are  some  other  points  of  distinction : — 


Flieii;!  Hydrate. 

Inactive  towards  polarized  light 

Commercial  glycerin  dissolves  it. 

It  precipitates  nitro-cellulose  from 
an  ethereal  solution  in  a  gela- 
tinous form. 

Alcohol  and  ferric  chloride  yield  a 
brown  colour. 

Ferric  chloride  and  a  little  am- 
monium hydrate  produce  a  violet 
colour. 


Creasote. 
De  xtro-rotatory . 
Does  not  dissolve  iL 
Does    not   cause    any   effect    when 

added  to  the  same  solution  (IcDonn 

as  alhdium,  B,P.). 
Alcohol  and  ferric  chloride  yield  \ 

green  coloration. 
Ferric      chloride     and      ammoniuat 

hydrate   give    rise    to    a     green  1 

coloration  fading  to  brown. 


Cnaaote  consists  chiefly   of  creasol   (C^Hi„0^),  a  volatile  liquid  of  lij 
pleasant  odour,  which  ditfers  from  phenyl  hydrate  in  reducing  the  metal  front  J 
arxeniic   nitrate,   and   forming  an   almost  insoluble  cr>'Stallizable  salt  witk^ 
ammonium  hydrate.     Creasol  must  not  be  confounded  with  cresyl  hydrate  1 
(C7H-HO),  a  volatile  liquid  which  is  isomeric  with  the  next  substance  we  arc 
about  to  consider.     The  radical  contained  in  creasol  being  monad  renders  it 
almost  impossible  to  regard  that  body  as  an  "  alcohol,"  because  all  alcohols 
possessing  a  monad  radical  contain  a  single  atom  of  oxygen  only, 

Phenyl  hydrate  being  a  dangerous  poison  can  only  be  employed  medi-  ■ 
cinally  in  very  small  doses.  Should  it  accidentally  happen  that  an  excessive  I 
quantity  has  been  taken,  fixed  oils  will  serve  to  mitigate  the  efTccl ;  olive^  1 
almond,  and  castor  oils  being  the  most  useful.  The  following  arc  the  qualitiei  1 
of  true  wood  creasote : —  I 

A  liquid,  colourless  or  with  a  yellowish  tinge,  and  a  strong  cmpyrcumatie  J 
odour.  It  is  sparingly  dissolved  by  water,  but  freely  by  alcohol,  ether,  and  J 
glacial  acetic  acid.  S|iecific  gravity,  i'07i.  It  coagulates  albumen.  A  slip] 
of  deal  dipped  into  it,  and  afterwards  into  hydrochloric  acid,  atijuires  on  J 
exposure  for  a  short  lime  to  the  air  a  greenish-blue  colour.  Dropped  1 
whiM  filtering  paper,  and  exposed  to  a  heat  of  aia^" '  '    "" 
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stain.  It  turns  the  plane  of  polarization  of  a  ray  of  polarized  light  tD  the 
right  It  is  not  solidified  by  the  cold  produced  by.  a  mixture  of  hydrochloric 
acid  and  sulphate  of  soda. 


BENZYL  HTDBATE  (Syns.   Benzylic  Alcohol    Benzoic  Alcohol:     Toluylic 
Alcohol).    Formula,  C7H7HO. 

Is  of  inconsiderable  importance  to  pharmacists,  but  gives  birth  to  two  highly 
interesting  products  by  oxidatipn.  These  are  benzoic  aldehyd  (essential  oil 
of  bitter  almonds)  and  benzoic  acid,  the  basis  of  benzoates.  The  hydrate 
itself  is  made  by  decomposing  benzoic  aldehyd  by  means  of  a  solution  of 
potassium  hydrate  in  alcohol,  when  the  following  rather  remarkable  reaction 
occurs : —  \ 

2C7H5O.H  +  KHO  =  C7H7.HO  +  KC7H5O3. 

When  balsam  of  Peru  {balsamum  Pcruvianum,  B.P.)  is  warmed  with 
potassium  hydrate  in  aqueous  solution,  an  oil  rises  to  the  surface.  If  this  be 
separated,  and  distilled  in  an  atmosphere  of  carbonic  anhydride  at  the  lowest 
possible  temperature,  the  distillate  contains  benzyl  hydratp. 

CINNYL  HYDBATE  (Syns.  Cinnamic  Alcohol     Storax  Alcohol      Styrone 
Peruvin),    Formnla,  CgH^HO. 

Is  prepared  by  distilling  balsam  of  Peru  with  water,  boiling  the  residue 
with  sodium  carbonate  solution  (forming  styracin)  and  redistilling  the  insoluble 
portion  with  potassium  hydrate.  If  salt  be  added  to  the  liquid  passing  over, 
a  solid  body  gradually  forms  on  the  surface,  which  is  cinnyl  hydrate.  When 
pure,  this  body  is  composed  of  smooth  needle-like  crystals,  possessing  an 
odour  of  hyacinths.  The  crystals,  when  first  formed,  are  extremely  small  \  but 
when  the  solution  is  allowed  to  stand  they  gradually  increase  in  size. 

CAMPHYL  HYDRATE,  or  CAMPHOL  (Syns.   Bomeol    Borneo   Camphor, 
Camphyl  Alco/wl),    Formiila,  C^QH^yHO. 

This  body  is  a  "  concrete  volatile  oil "  obtained  from  the  Dryobalanops 
aromatica  of  Borneo.  It  is  one  of  the  several  substances  passing  under  the 
denomination  of  camphors,  but  is  not  that  in  general  use.  Like  other  alcohols 
it  yields  ethers  (salts)  by  the  action  of  acids,  water  being  eliminated. 
Camphol  may  be  obtained  from  common  (or  China)  camphor  by  heating  it 
with  an  alcoholic  solution  of  potassium  hydrate  in  a  sealed  tube.  The  re- 
action is  at  some  times  less  complex  than  at  others,  the  following  equation 
representing  the  most  simple  : — 

2CioHigO  +  4KHO  •=  2C10H18O  +  2K2O  +  O2. 

Camphol  melts  at  388°  R,  and  can  be  sublimed  without  decomposition  at 
about  420°  F.  It  is  capable  of  conversion  into  ordinary  camphor  by  the 
action  of  nitric  acid,  and  is  distinguished  from  the  latter  by  not  becoming 
liquid  when  treated  with  hydrochloric  acid. 
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These  bodies  are  of  ternary  composition,  containing  carbon,  hydrogen,  and 
oxygen.  They  form  a  group  by  themselves,  being  easily  converted  into  each 
other  by  the  addition  or  subtraction  of  the  elements  of  water.  Properly  they 
are  derivatives  of,  and  should  be  classified  with,  the  alcohols  of  hexad  radicals ; 
but  for  convenience  we  have  placed  them  separately.  Their  connection, 
however,  with  hexad  alcohols  may  thus  be  theorized  : — 

1.  The  hexad  alcohol,  by  subtraction  of  hydrogen,  may  be  suppK>sed  to 
yield  an  aldehyd  : — 

CeHgaHO  +  O  =-  CeHyaOg  +  H2O. 

(Mannite.)  (Glucose.) 

2.  The  aldehyd,  by  subtraction  of  water  from  two  or  more  molecules,  may 
yield  a  polyglucosic  alcohol  : — 

(Glucose,)  (Saccharose.) 

3.  A  polyglucosic  alcohol,  by  further  loss  of  ^ater,  may  yield  an  oxygen- 
ether. 

C12H32O11  -  HjO  =  2QH,o05. 
(Saccharose.)  (Starch.) 

It  is  a  fact  worth  noting,  that  in  all  these  bodies  the  carbon  exists  combined 
Tfith  just  sufficient  hydrogen  and  oxygen  to  always  form  a  definite  number  of 
molecules  of  water. 

They  are  divided  into  three  isomeric  classes,  corresponding  with  the  above- 
mentioned  reactions,  as  follows.* 


*  Those  marked  +  are  dextro-rotary    to    polarized   light,  while  those    marked  ~  are 
iKTO-rotary. 

Amylosks,  (CeHioOj).        Saccharoses,  (CuHjjOu).  Glucoses,  (C«H,jOj). 

Cellulose.                     +  Cane  sugar.  +  Grape  sugar. 

Starch.                          +  Milk  sugar.  —  Fruit  sugar. 

+  Dextrin.                       +  Maltose.  Mannitose. 

-Inulin.                         +Melitose.  +  Galactose. 

Glycogen.                    +  Melezitose.  Inosite. 

Gimis.                          +  Trebalose.  Sorbin. 

^  Mycose.  Eucalin. 
4-  Parasaccharose. 
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I.  AMYLOSES, 
Or  Carbo-hydrates  of  the  General  Formula  C^H^qOb. 

CELLT7L0SE  (Syns.  Cellulin.    Lignin).    Formula,  Gfiiffi^. 

Is  the  material  of  which  the  walls  of  the  cells  of  plants  are  composed.  The 
best-known  forms  of  cellulose  are  cotton  and  linen,  and  its  reactions  may  be 
learned  by  acting  on  either  of  these  substances.  It  is  official  as  gossypium^  B.P., 
which  is  the  carded  hairs  of  the  testa  of  the  cotton  plant.  Cellulose  is 
insoluble  in  water  and  also  in  dilute  acids  and  alkalies,  its  best  solvent  being 
a  deep-blue  liquid  obtained  by  dissolving  cupric  oxycarbonate  in  ammonium 
hydrate.  When  thus  in  solution  it  is  re-precipitable  by  a  slight  excess  of  acid, 
in  the  form  of  white  flakes  which  are  not  affected  by  tincture  of  iodine. 

The  woody  fibre  of  plants  is  an  impure  form  of  cellulose,  containing 
usually  more  hydrogen,  together  with  a  little  nitrogen.  When  cellulose  is 
stirred  into  cold  strong  sulphuric  acid,  it  is  converted  into  a  soluble  gum  similar 
to  dextrifiy  and  by  diluting  and  boiling  this  solution  glucose  is  produced. 

Vegetable  Farclunent  (Syn.  Fapyrin),  used  in  dialysis,  has  a  composition 
analogous  to  cellulose,  and  is  prepared  by  passing  unsized  paper  through 
tolerably  strong  sulphuric  acid,  and  then  washing,  first  with  pure  water  and 
afterwards  with  water  containing  a  little  ammonium  hydrate. 

The  estimation  of  woody  fibre  is  a  matter  which  is  important  in  the 
analysis  of  vegetable  matters.  It  is  conducted  by  boiling  a  weighed  portion 
of  the  article,  first  in  dilute  sulphuric  acid  and  then,  after  filtration  and 
thorough  washing,  once  more  boiling' the  insoluble  portion  in  dilute  solution 
of  potassium  hydrate.  The  whole,  having  been  filtered,  is  finally  washed  with 
boiling  water,  dried  at  2 1 2°,  and  weighed. 

Nitro-cellnlose  (Syns.  Pyroxylin.     Gun  Cotton). 

When  cellulose  is  treated  with  nitric  acid,  a  substitution  of  nitryl  takes 
place  for  one  or  more  atoms  of  hydrogen,  and  one  of  the  three  following 
varieties  of  nitro-cellulose  is  produced : — 

Mononitro-cdlulose^  QH9(N02)05. 
Dinitro-cellulosCy  or  Pyroxylin,  B.P.,  CgH8(N02)305. 
Trinitro-cellulose,  or  Gun  Cotton,  ^t^^^O^^^. 

In  practice  the  nitric  acid  is  mixed  with  sulphuric  acid,  because  it  is  found 
to  cause  the  former  acid  to  act  more  quickly ;  but  it  does  not  affect  the  real 
reaction,  of  which  the  following  may  be  taken  as  a  type,  choosing  dinitro- 
cellulose  as  the  one  most  interesting  to  pharmacists  and  medical  men  : — 

The  following  table  shows  the  characteristics  of  each  of  the  three 
varieties : — 

Mononitro-ceUnloBe.  Not  soluble  in  a  mixture  of  alcohol  and  ether  \  soluble 
in  acetic  acid.    (Not  very  inflammable.) 

Dinitro-cellulose.  Soluble  in  the  fomier ;  insoluble  in  the  latter.  (Tolerably 
inflammable.) 

Trinitro-cellnlose.    Soluble  in  both.    (Very  inflammable.) 

The  following  are  the  instructions  as  to  making  and  testing  pyroxylin,  B.P. 
(which  is  dinitro-cellulose). 
Take  of 

Cotton 1  ounce. 

Sulphuric  Acid  ) 

Nitric  Acid       / ^  °^°^^^' 


CELLULOSE.— STARCH. 

Mix  Ihe  acids  in  a  porcelain  mortar,  immerse  the  cotton  in  the  mixture, 
and  stir  it  for  three  minutes  with  a  glass  rod,  until  it  is  thoroughly  wetted  by 
the  acids.  Transfer  the  cotlon  to  a  vessel  containing  water,  stir  it  well  with  a 
glass  rod,  decant  the  liquid,  pour  more  water  .upon  the  mass,  agitate  again, 
and  repeat  the  affusion,  agitation,  and  decantation,  until  the  washing  ceases  to-fl 
give  a  precipitate  with  chloride  of  barium.  Drain  the  product  on  filterio^J 
paper,  and  dry  in  a  water  bath. 

Tfilt. — Readily  soluble  in  a  mixture  of  ether  and  rectified  spirit ;  leaves  n 
residue  when  exploded  by  heat. 

The  vapours  set  free  when  it  explodes  (which  it  does  at  300°  F,).  liliera 
iodine  from  potassium  iodide,  thus  rendering  paper  soaked  in  that  ai ' 
and  starch  paste,  blue  ;  they  also  show  an  acid  reaction  with  lilnm.s. 

When  I  ounce  of  pyroxyUn  is  dissolved  in  a  mixture  of  36  fluid  01 
ether  and  ii  fluid  ounces  of  alcohol,  collodium,  B.P.,  is  produced. 

It  is  a  colourless  highly-inflammable  liquid  with  ethereal  odour,  which  dries 
rapidly  upon  exposure  to  the  air,  and  leaves  a  thin  transparent  film,  insoluble 
in  water  or  rectified  spirit. 


SrARCH  (SvN.  Amyliim).    Formula,  C^^^Pi- 

Is  a  wliite  granuhr  body  stored  up  in  the  stems,  rpots,  and  seeds  of  plants, 
and  is  the  most  abundant  proximate  principle  found  in  the  vegetable  kingdom. 
It  is  separated  from  the  plant  tissues  by  steeping  them  for  some  time  ' 
water  rendered  just  alkaline  with  sodium  hydrate,  and  then  rubbing  tL, 
softened  mass  on  a  sieve  under  a  slow  stream  of  water.  The  fibre  SOV 
glutinous  matters  remain  on  the  sieve,  while  the  starch  passes  through  with 
the  water,  from  which  it  is  recovered  by  settlement,  and  finally  drying  at  an 
exceedingly  lowheaL  The  oidmary  pai^»t  stareA  used  in  laundries  is  usually 
prepared  from  rice  by  the  above  process,  and  then  coloured  slightly  blue  with 
indigo,  and  dried  in  lumps.  Pure  starch  is  a  while  powder  with  a  peculiarly 
slippery  feel  between  the  fingers,  and  insoluble  in  cold  water,  alcohol,  ether, 
and  other  common  solvents.  When  examined  under  a  microscope  with  a 
J-inch  object  glass,  it  is  seen  to  be  made  up  of  rounded  transparent  boilies, 
each  formed  by  an  albuminous  coat  filled  with  gelatinous  stArch  which  is 
called  amiiiin.  Many  of  these  granules  possess  a  spot,  or  hiium,  round  which 
arc  collected  a  number  of  parallel  annular  depressions  known  as  rings.  The 
base  of  all  starch  is  amidin,  but  the  starch  of  each  plant  possesses  some 
special  characteristic,  either  in  size,  shape,  hiloni,  or  rings,  which  enables  "" 
to  identify  it  with  tolerable  certainty.  When  starch  is  moistened  with  < 
water  and  a  quantity  of  boiling  water  stirred  in,  the  granules  swell  and  bi 
and  a  mucilaginous  liquid  is  obtained,  but  no  true  solution  takes  place, 
preiuration  is  called  mucilagp  amyli  in  the  U.P. 

A  similar  effect  is  produced  by  heated  glycerin,  the   result  being  call 
^yctrinum  amyli  (SvN,  Plasma). 

By  boiling  with  water  and  a  few  drops  of  a  dilute  acid,  an  alteration  in  the 
Starch  slowly  takes  place,  and  it  is  converted  first  into  a  mixture  of  dextrin 
and  glacoge : — 

3CflH,„0,  +  H,0  =  3C,H,„0,  +  C<H„0,. 

On  prolonging  the  boiling,  more  water  is  taken  up,  and  the  whole  is  <xmM 
veitcd  into  glucose  :— 

aCgHioOt  +  aH,0  =  iCgH^O^ 

By  the  action  of  nitric  acid,  starch  is  converted  into  oxalic  acid. 
Tne  best  lest  for  starch  is  to  make  a  decoction  of  the  article  under  ( 
ion,  and  token  eold  add  a  drop  of  iodine  solution,  which  mil  i 
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fine  blue  colour,  which  is  amidin  iodide.  (^Iodine.)  Under  the  microscope 
the  presence  of  starch  granules  is  fully  confirmed  by  adding  a  drop  of  tincture 
of  iodine,  which  colours  them  deep  purple. 

Amyluniy  B.P.,  is  descrij^ed  as  the  starch  procured  from  the  seeds  of 
common  wheat,  Triticum  vulgare.  It  should  be  met  with  in  white  columnar 
masses.  When  rubbed  in  a  Wedgwood  mortar  with  a  little  cold  distilled 
water,  it  is  neither  acid  nor  alkaline  to  test-paper,  and  the  filtered  liquid 
does  not  become  blue  on  the  addition  of  solution  of  iodine  Mixed  with 
boiling  water  and  cooled,  it  gives  a  deep  blue  colour  with  iodine. 

INTJLIN.    PormTila,  CeH^oOg. 

■ 

Is  an  isomeric  variety  of  starch  met  with  in  the  root  of  Inula  Hdmium  and 
many  other  plants.  It  is,  like  starch,  insoluble  in  cold  water,  but  fireely  soluble 
in  boiling  water,  from  which  it  deposits  on  cooling.  By  boiling  with  a  dilute 
acid  it  is  entirely  converted  ii\to  levulose.  It  is  insoluble  in  alcohol  and  is 
turned  brown  by  iodine,  but  does  not  precipitate  with  plumbic  acetate  or 
'  infusion  of  galls. 

GLYCOGEN.    Formnla,  CeHioOg. 

Is  a  white  tasteless  body  resembling  starch,  found  in  the  liver  of  animals, 
and  especially  a  constituent  of  the  tissues  of  the  foetal  embryo.  It  is  soluble 
in  water  and  insoluble  in  alcohol. 

DEXTRIN  (SvN.  British  Gum).    Formula,  CJBLiqO^. 

m 

This  substance  may  be  produced  by  three  methods.  That  most  commonly 
adopted  consists  simply  in  "  baking "  starch  at  a  temperature  approaching 
350^  F.  Thus  procured  it  is  a  yellowish  powder,  which  dissolves  in  cold 
water,  forming  a  somewhat  gum-like  solution,  and  when  mixed  with  various 
colours  is  employed  in  the  arts  for  calico-printing  and  other  similar  purposes. 

Upon  boiling  starch  with  water  and  a  few  drops  of  sulphuric  add,  the 
mixture  becomes  perfectly  limpid  after  a  few  minutes,  owing  to  the  con- 
version of  the  starch  into  dextrin.  If  the  sulphuric  acid  be  neutralized  by 
calcium  carbonate  and  the  precipitated  calcium  sulphate  separated  by  filtra- 
tion, aad  the  filtrate  be  evaporated  to  dryness  by  a  heat  of  212°  R,  a  residue 
of  dextrin  mixed  with  some  glucose  remains.  The  glucose  may  be  removed 
by  digesting  with  dilute  alcohol,  in  which  dextrin  is  insoluble.  Too  long 
boiling  with  acid  will  entirely  convert  the  starch  into  glucose ;  but  if  conver- 
sion into  dextrin  be  effected  by  malt  or  diastase^  no  amount  of  boiling  will 
decompose  the  dextrin  thus  formed.  When  seeds  undergo  germination,  a 
peculiar  nitrogenous  ferment  becomes  active.  It  is  termed  diastase,  and 
appears  to  be  vegetable  albumen  in  a  state  of  metamorphosis.  When  a  httle 
maJt  (in  which  a  considerable  amount  of  diastase  exists)  is  mixed  with  more 
than  a  hundred  times  its  weight  of  gelatinous  starch,  and  heated  to  160°  F., 
in  the  course  of  ten  minutes  or  less,  the  mixture  will  become  as  mobile  as 
water. 

The  fact  of  starch  invariably  forming  glucose  as  well  as  dextrin  when  treated 
with  acids  (which  are  not  themselves  affected,  acting  only  by  introducing  the 
elements  of  water  into  the  molecules  of  the  starch)  has  led  to  the  deduction 
that  the  molecular  formula  of  starch  must  be  CigHjQOis,  and  the  reaction 
when  it  is  boiled  with  acid  requires  then  to  be  represented  as  follows  : — 

CieHgoOji  +  H3O  =  CjHigOg  +  2CjHio06. 

True  dextrin  must  be  carefully  distinguished  in  the  mind  from  the  ordinary 
gammy  and  mucilaginous  matters  of  plants.     The  gmnSy  properly  so  called, 
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aat  exudations  from  various  parts  of  plants,  cliiefly  from  the  stems.      The  leaf 
buds  of  the  poplar,  however,  yield  gimi,  as  also  the   roots  of  the  Malvatfii^ 
and  Orthiiiacea.     The  mucilage  of  fruits  does  not  contain  gum,  but  pectin.V 
{Srt- Glncosides.) 

Gnus. 

Anbiii,  CaC„HnoO||.  is  the  soluble  portion  of  acaate gummi,  B.P.,  which! 
exudes  from  the  stems  of  one  or  more  undetermined  species  of  Aeatia.      Icl 
is  found  in  commerce  as  spheroidal  tears  iisuall]'  from  half  an  inch  to  an  inchT 
in  length,  nearly  colourless,  and  opaque  from  numerous  minute  cracks,  or  in  1 
fragments  with  shining  surfaces ;  brittle;  bland  and  mucilaginous  in  taste; 
insoluble  in  alcohol,  but  soluble  in  water.      The  aqueous  solution  forms  with 
subacetate  of  lead  an  opaque  while  jelly  (plumbic  gummale).     If  an  aqueous 
solution  of  iodine  be  added  to  the  powder,  or  to  a  solution  formed  with 
boiling  water  and  cooled,  there  is  no  appearance  of  a  violet  or  blue  colour 
(absence  of  starch), 

When  arabin  is  boiled  with  dilute  acid  it  is  converted  into  glucose,  which 
night  be  expected,  seeing  that  gummic  acid,  HjCigH^O,],  is  really  isomerK 
with  cane  sugar,  C|jH,jO,i. 

By  the  action  of  strong  nitric  acid,  arabin  forms  mncic  acid,  and  may  b_ 

further  distinguished  from  dextrin  by  not  being  precipitated  by  cupric  sulphat&l 

■■  Any  solution  suspected  to  contain  arabin  may  be  tested  by  adding  a  fewj 

■Irops  of  ferric  sulphate  solution,  when,  if  gum  be  present,  the  whole  wiUj 

become  a  jelly. 

CeroBin  and  baesorin  are  two  other  forms  of  gum :  the  former  is 
produced  by  cherry  trees,  and  the  latter  constitutes  the  chief  portion  of 
tnigaMnt/ia,  B.P.,  an  exudation  from  the  stem  of  Astragalm  vems.  It  is 
insoluble  in  col<l  water,  but  readily  absorbs  that  fluid,  so  that  il  swells  into 
a  jelly.  Besides  bassorin,  tragacanth  contains  a  liltlc  arabin,  starch,  and  fibre, 
arid  conesponds  to  tlie  following  official  description  and  tests. 

CA(?»-«rf<r-/.— White  or  yellowish,  in  broad  shell-like  slightly  curved  plates, 
tough  and  elastic,  but  rendered  more  pulverizable  by  a  heat  of  uo"  F. ;  very^ 
sparingly  soluble  in  cold  water  ;  but  swelling  into  a  gelatinous  mass,  which  II  ' 
Ui^ed  violet  by  tincture  of  iodine  (presence  of  a  trace  of  starch  only).     Afte( 
nuceniiion  in  cold  water  the  fluid  portion  is  not  precipitated  by  the  additioi 
of  rectified  spirit  (absence  of  adulteration  by  soluble  gums). 

A  formula  of  C,jHjgO|„  has  been  assigned  to  bassorin,  but  it  is  oolf^ 
doubtful 


H.  SACCHARHOSES, 
OR  Sugars  of  the  General  Formula.  CijHjjO,,. 
The  principal  members  of  this  family  arc  ; — 

Saccharose,  or  SacrOBe.     Which  is  by  far  the  most  important. 

Para  Saccharose.      Proiluced  by  the  spontaneous  rearrangement  of  the  ' 
molenilf-N  of  saccharose  under  the  influence  of  diummonium  phosphate. 

Kelitose.     Contained  in  the  Tosmanian  manna,  yielded  by  various  species 
of  Euiahptui. 

Xolerit«ie.     Is  yielded  by  the  manna  of  a  species  of  iMrix  (larclOi  pow. 
ing  \n  Svrit^erland. 

Trehalou.     "  Trchala  manna,"  the  product  of  a  tree  of  Asiatic  gnnrtl) 
the  source  of  this  substance. 
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Mycose.  Is  produced  from  ergotay  RP.,  by  the  treatment  of  a  solution  of 
ergot  in  water  with  plumbic  acetate,  the  decomposition  of  the  lead  salt 
remaining  in  the  clear  liquid  obtained  by  filtration,  with  hydrogen  sulphide, 
and  evaporation,  after  again  filtering,  to  the  crj'stallizing  point. 

These  two  substances  both  contain  two  molecules  of  water  of  crystalliza- 
tion. 

Lactose.  Contains  a  molecule  of  water  of  crystallization.  It  is  next  to 
sucrose  in  importance  amongst  the  members  of  the  class  under  consideration, 
and  besides  that  body,  is  the  only  one  worthy  of  detailed  notice. 

Maltose.  Is  the  sugar  existing  in  malt,  and  is  very  similar  to  glucose,  but 
more  optically  active,  rotating  a  ray  of  polarized  light  three  times  as  much  to 
the  right.  It  appears  by  the  latest  researches  howevet  to  be  an  isomer  of 
lactose,  and  is  obtained  when  diastase  acts  on  starch. 

SUCROSE.     Cane  Sugar  (Syns.  Saccharose.     Beetroot  Sugar,     Saccharum 
Purificatumy  B,R).    Formula,  CisHssO^^. 

Procured  from  the  sugar-cane  {Saccharum  offidnarum)  c\x\i\v2X^^  m  both 
the  Indies.  It  is  also  produced  fi^om  the  sugar  maple  {Acer  sctccharinum) 
of  North  America ;  in  Germany,  and  specially  in  France,  from  the  beetroot, 
in  which  it  is  contained  to  the  extent  of  8  per  cent  or  thereabouts.  The 
edible  nuts  consumed  in  most  parts  of  the  world  usually  contain  several 
per  cent  of  sucrose  ;  and  it  is  an  abundant  constituent  of  the  juice  of  most 
grasses,  of  the  sap  of  large  trees,  of  the  **  nectar  "  of  the  majority  of  cactiy  and 
of  carrots;  parsnips,  turnips,  and  most  roots. 

The  sugar-cane,  in  which  no  other  sugar  than  sucrose  exists,  is  the  source 
from  which  the  greater  bulk  of  the  sugar  consumed  in  the  world  is  obtained. 
It  contains  i8  to  20  per  cent  of  crystallizable  sucrose,  and  the  preparation 
is  conducted  as  follows  : — 

The  canes  are  crushed  between  rollers,  and  the  juice  allowed  to  flow  into  a 
large  cistern  placed  beneath.  Thence  it  passes  into  large  pans,  in  which  it  is 
heated  approximately  to  212°  F.,  and  then  a  mixture  of  calcium  hydrate  and 
water  is  added,  by  which  mechanical  impurities,  vegetable  wax  and  albumen, 
and  cklcium  phosphate,  are  thrown  down,  and  the  solution  is  neutralized  to 
prevent  its  conversion  ^as  much  as  possible)  into  inverted  sugar.  The  clear 
liquid  produced  on  subsidence  is  run  off.  into  another  vessel,  evaporated  to  the 
crystallizing  point,  and  then  stirred  frequently,  so  as  to  produce  the  granular 
form  of  "  raw,"  **  moist,"  or  "  muscovado  "  sugar.  Were  it  not  stirred,  a  dark 
coloured  variety  of  "  sugar-candy  '*  would  result  In  order  to  remove  the 
mother  liquor  (called  "  molasses  ")  from  the  product,  it  is  put  into  barrels, 
perforated  at  one  end,  and  standing  with  that  end  downwards. 

At  the  present  time  it  is  customar}'  to  evaporate  the  juice  in  "  vacuum 
pans  "  (large  closed  vessels  from  which  air  pumps  serve  to  remove  the  air, 
together  with  the  aqueous  vapour  evolved  during  the  progress  of  the  evapora- 
tion). Wien  these  are  employed,  the  evaporation  is  much  more  rapid,  and, 
as  it  takes  place  below  150°  F.  instead  of  above  230°  R,  much  less  waste  is 
caused  from  the  production  of  uncrystallizable  sugar. 

Recently,  machinery  has  been  introduced  which  will  remove  the  juice  much 
more  completely  than  the  rollers  commonly  employed.  A  solid  piston  moves 
horizontally  in  a  cylinder  which  it  fits  closely.  This  cylinder  is  closed  at  one 
end,  and  the  cane  having  been  introduced  by  a  somewhat  similar  contrivance 
to  that  used  in  a  chaff-cutting  machine,  the  piston,  at  each  stroke,  cuts  a  slice 
off  the  end  of  the  cane,  and  crushes  it  against  the  portion  of  the  cylinder 
towards  which  it  is  moving,  provision  for  the  exit  of  juice  being  made  by 
suitable  apertures.      The  sap  is  much  more  thoroughly  extracted  by  this 


.  by  which  the  canes  are  compressed  transversely,   than  by  ^htM 
rollers,  which  crush  them  longitudinally.  .  ^ 

Beetroot  and  maple  sugar,  when  "  raw,"  possess  a  peculiar  taste,  whichi 
DOthing  but  habit  renders  agreeable  for  daily  use.  The  former,  however,  4 
wh«n  refined,  is  very  nearly  undistinguishable  from  cane  sugar.  The  reGntngv 
of  sugtir  is  practised  chiefly  in  this  country.  It  consists  in  removing  iheM 
mechanical  matters  from  a  solution  of  "  raw  "  sugar  by  adding  albumen,  either  1 
in  the  form  of  white  of  egg  or  stnim  of  blood.  The  liquid  is  then  filtered,  I 
first  through  canvas,  to  remove  the  coagulum,  and  afterwards  through  animal  4 
durcoaj  to  remove  the  colour ;  it  is  next  evaporated  to  the  crystal  lining  jwint  I 
at  t6o'  F.  in  vacuum  pans,  and  poured  into  earthen  moulds,  where  it  solidifies  1 
into  masses  of  minute  crystals,  as  seen  in  ordinary  "  loaf-sugar."  Lastly,  a  1 
ftaturaied  solution  of  pure  sugar  is  passed  through,  by  which  the  last  Iracesl 
of  colour  are  removed,  and  the  "  loaf"  is  then  dried  in  a  stove.  This  is  the  1 
official  iateharum  purificaiutn.  I 

If  a  saturated,  or  nearly  saturated,  solution  of  cane-sugar  be  slowly  cooled,  1 
without  agitation,  "  sugar-candy  "  is  formed.  If  sugar  be  liquefied  without  I 
water  being  present,  it  produces  a  slightly  yellow,  transparent,  amorphous  J 
Boass,  being  in  fact  the  substance  known  as  "  barley-sugar."  The  crystalltl 
of  **  sugar-candy  "  are  doubly  oblique  prisms.  <l 

Sucrose  dissolves  in  cold  water  to  the  extent  of  three  parts  in  one  ;  JQ^ 
hot  water  it  is  soluble  to  the  extent  of  five  parts  or  even  more  in  one  part.  \ 
Ether  does  not  dissolve  it  at  all,  alcohol  not  to  any  notable  extent,  but  I 
in  proof  spirit  it  Is  soluble  to  some  extent.  When  rubbed,  or  broken,  in  1 
the  du-k,  it  emits  a  Hash  of  violet  light,  exhibiting  the  phenomenon  of  "  phos-  1 
phorcweDce."  It  melts  at  360°  F,,  becoming  transformed  into  a  mixture  of  J 
icvuUMan  and  dextrose,  C,jH,,0,|  =  C„H,oOs  +  C„H,50„.  As  the  heat  increases  I 
waier  is  given  off  and  the  dextrose  is  converted  into  glucosan.  At.about.V 
410°  F.  it  gives  off  more  water,  forming  the  earamil.  or  "  burnt  sugar,"  at  one  J 
time  official  under  the  name  of  uicckarum  uitum,  but  now  only  employed  as  1 
a  colouring  agent  in  culinary  operations.  Finally,  it  gives  off  inftammablcgases,  \ 
chidly  carbonous  oxide  and  marsh  gas,  and  becomes  entirely  decomposed.  \ 
Argentic,  mercuric,  auric,  and  some  other  salts  are  decomposed  when  boiled  \ 
witii  sucrose,  the  metals  being  precipitated.  Yeast,  in  the  presence  of 
wannth  and  moisture,  causes  dextrose  and  levulose  to  be  formed,  which 
afterwards  yield  alcohol.  Strong  hydrochloric  and  dilute  sulphuric  acids 
traDsfom)  sucrose  into  inverted  sugar  rapidly.  Sucrose  is  readily  oxidizable,  ■ 
exploding  when  mixed  with  potassium  chlorate  by  percussion,  and  catching^^-fl 
fire  when  sulphuric  acid  is  added  to  the  mixture.  Rubbed  in  a  mortar  with.  1 
plumbic  dioxide  it  also  undergoes  inilammation.  Treated  with  warm  nitric  \ 
aod  it  forms  saccharic  acid  (CgH,oOg)  ;  and  on  boiling  tliat  product  is  con- 
verted into  oxalic  add  (HjC^O^;. 

Potassium  and  sodium  sucraies  are  produced  by  mixing  the  respective 
hydrates  (in    solution)  with   syrup.       The    former    has    the    constitution, 
QjH«KO,i.  the  second  has  a  similar  composition.      They  arc  both  gelatin-  J 
COB  and  not  very  soluble  in  water.  I 

Snciose  is  recogniied  by  the  following  characteristic  reactions  : —  ' 

I.  !t  gives  no  brown  colour  when  warmed  with  dilute  potassium  hydrate. 

1.  The  .idilition  of  sulphuric  acid  produces  a  black  colour  in  a  cold  and 
dilute  solution  of  sucrose. 

3,  It  docs  not  fonn  a  precipitate  when  boiled  with  "Fehling's  solution" 
{cupfic  tartrate  dissolved  in  poUssium  hydrate). 

4.  A  solution  of  9ug^  rotates  a  ray  of  polarized  light  73*8'  to  the  right. 

U  inwned  by  treatment  with  dilute  acid,  It  gives  no  reaction  with  sulphuric 
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acid,  but  produces  a  brown  colour  with  potassium  hydrate  in  excess,  and  a 
red  precipitate  of  cuprous  oxide  with  Fehling*s  solution.  The  inverted  sugar 
thus  produced  rotates  the  polariz.ed  ray  to  the  left  50°  at  572°  F. 

Sucrose  is  estimated  by  dissolving  a  known  weight  (say  50  grains)  in 
10,000  grain  measures  of  water,  containing  20  drops  of  sulphuric  acid.  This 
liquid  is  boiled  for  six  hours  with  addition  of  water  to  make  up  loss  by  evapo- 
ration. It  is  then  exactly  neutralized  by  sodium  carbonate,  and  a  known 
quantity  (say  1000  grains  =  5  grains  sugar)  is  treated  as  directed  under 
Dextrose. 

When  flour  is  mixed  with  yeast,  as  in  bread-making,  many  substances  are 
produced,  amongst  which  the  principal  are  sucrose  and  dextrin,  which  after- 
wards yield  alcohol,  carbonic  anhydride,  and  succinic  acid.  The  process  of 
rendering  bread  light  depends  upon  the  evolution  of  the  carbonic  anhydride, 
which,  by  insinuating  itself  within  the  mechanical  interstices  of  the  dough, 
pushes  the  particles  asunder.  Thus,  when  the  bread  is  introduced  into  the 
system,  it  presents  a  much  larger  surface  to  the  action  of  the  gastric  juice  than 
it  would  if  it  had  not  been  raised.  Ordinirily,  therefore,  digestibility  is  con- 
joined with  lightness  ;  and  this  has  led  to  the  idea  that  the  two  are  insepar- 
able in  this  article  of  diet.  The  so-called  "aerated  bread,"  made  by  mixing 
flour  with  carbonic  acid  solution  under  pressure,  in  special  machinery  con- 
trived for  the  purpose,  is  the  off*spring  of  this  fancy ;  and  there  is  not  the 
slightest  reason  to  doubt .  that  it  is  a  wholesome  and  nutritious  substance. 
That  it  is  capable  and  worthy,  however,  of  altogether  supplanting  fermented 
bread  we  cannot  allow.  During  the  course  of  fermentation  the  many  sub- 
stances formed  render  the  mixture  of  such  a  complex  nature  that  it  is  doubtful 
whether  any  artificial  mixture  could  profitably  be  made  to  possess  all  its 
properties.  Hence  we  are  of  opinion  tfiat  neither  aerated  bread  nor  any 
substance  made  without  fermentation  will  ever  supplant  fermented  bread, 
which  is  at  once  the  most  wholesome,  digestible,  palatable,  and  nutritious  of 
all  edible  compounds. 

LACTOSE  (SvNS.  Milk  Sugar.    Lactin.     Saccharum  Lactis,  B,P,), 
Pommla,  CigHggOn.HgO. 

Is  produced  by  evaporating  milk  to  the  crystallizing  point,  after  the  re- 
moval of  the  cream  by  standing,  and  the  casein  by  coagulation.  The  product, 
which  is  not  perfectly  white,  may  be  decolorized  by  animal  charcoal,  after 
it  has  been  redissolved  in  pure  water.  The  solution,  on  careful  re-evapo- 
ration, yields  a  white  solid,  to  which  the  B.P.  assigns  the  following  pro- 
perties : — 

Usually  in  cylindrical  masses,  two  inches  in  diameter,  with  a  cord  or  stick 
in  the  axis,  or  in  fragments  of  cakes ;  greyish-white,  crystalline  on  the  surface, 
and  in  its  texture,  translucent,  hard,  scentless,  faintly  sweet,  gritty  when 
chewed. 

It  is  very  slightly  soluble  in  alcohol,  and  is  quite  insoluble  in  ether. 
Medicinally  it  is  perfectly  inactive,  hence  largely  used  in  Continental  phar- 
macy as  a  means  of  exhibiting  active  remedies  in  the  form  of  powder.  With 
alkaline  bodies  it  forms  salts,  which  are  very  readily  decomposable.  It  only 
dissolves  in  cold  water  to  the  extent  of  17  to  20  per  cent.,  but  is  taken  up  by 
boiling  water  to  the  amount  of  35  per  cent.  It  reduces  cuprous  oxide  from 
"  Fehling's  solution."  Lactose  was  formeriy  classed  as  an  unfermentable 
sugar.  It  has,  however,  been  found  that  it  will  ferment  after  some  weeks 
when  left  in  contact  with  yeast  and  water  at  80  to  90°  F.  If  calcium  carbonate 
and  decaying  cheese,  or  gluten,  be  mixed  with  warm  water  and  lactose,  cal- 
cium lactate  and  alcohol  will  be  formed  in  the  course  of  a  few  weeks,  the 
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/  amount  of  the  latter  increasing  as  the  strength  of  the  lactose  solution  decreases, 
and  depending  also  on  the  amount  of  calcium  carbonate  present 

Lactose,  when  oxidized  with  nitric  acid,  yields  a  considerable  amount  of 
mucic  acid  (QHioOg),  whilst  sugars  generally  give  an  isomer — saccharic 
acid.  In  consequence  of  this  fact,  and  because  gum  yields  mucic  acid  when 
similarly  treated,  it  is  believed  that  lactose  forms  a  sort  of  connecting  link 
between  sugars  and  gums.  When  lactose  is  boiled  with  a  dilute  acid,  it  is 
converted  into  galactose^  a  sugar  isomeric  with  glucose.  Oxalic  acid  results 
from  the  sufficient  oxidation  by  nitric  acid  of  this  as  of  all  other  sugars. 
Sulphuric  acid  and  manganic  dioxide  produce,  from  lactose,  abundance  of 
formic  acid.  Lactose  reduces  silver  from  ammonio-argentic  nitrate,  in  the 
presence  of  potassium  hydrate,  very  readily.  Sucrose  takes  a  longer  time  and 
acts  less  perfectly.  A  mixture  containing  lactose  is  used  for  silvering 
specula  for  telescopes  and  other  similar  purposes.  Lactose  is  estimated  by 
precisely  the  same  process  as  Dextrose  {which  see), 

in.  GLUCOSES, 
OR  Sugars  of  the  General  Formula  CeHioOg. 

The  number  of  these  bodies  at  present  known  does  not  exceed  ten.  The 
principal  are : — 

Dextrose.     The  most  important  sugar  of  this  division. 

LevtQose.  The  result  of  the  action  of  acids  on  the  starch  called  inulin. 
It  is  also  formed,  together  with  dextrose,  when  sucrose  is  inverted. 

Mannitose.    Produced  by  the  oxidation  of  manna. 

Galactose.  Produced  when  dilute  acids  act  on  lactose.  It  yields  much 
mucic  acid  by  oxidation,  the  others  giving  saccharic  acid. 

Sorbin.  May  be  procured  from  mountain-ash  berries,  in  which  it  exists 
together  with  malic  acid. 

Eucalyn.  Which  is  the  so-called  "sugar"  of  Australian  manna.  This 
sugar  (and  also  sorbin)  is  not  readily  fermentable. 

Inosite.  Is  a  species  of  glucose  existing  in  the  heart  and  other  portions 
of  the  internal  animal  organism.  It  does  not  ferment  with  yeast ;  but  when 
mixed  with  cheese  or  decaying  flesh,  it  undergoes  the  lactic  fermentation. 
Evaporated  first  with  nitric  acid,  and*  afterwards  with  ammonium  hydrate  and 
calcium  chloride,  it  develops  a  rose  colour. 

None  of  the  above  are  so  definitely  crystallizable  as  sucrose.  They  also 
produce  a  dark-coloured  solution  when  boiled  with  dilute  potassium  hydrate  ; 
give  cuprous  oxide,  when  treated  with  Fehling's  solution  ;  and,  when  in  solu- 
tion in  cold  water,  are  not  charred  by  sulphuric  acid. 

DEXTROSE  (SvNS.  Glucose.    Dexiro-glucose,     Grape  Sugar). 
Formula,  Cfi^cf^f^.JL<^0. 

Is  the  principal  form  in  which  sugar  exists  in  ripe  fruits,  and  of  it  the  cry- 
stalline grains  found  in  dried  fruits  consist.  It  is  contained  abundantly  in  the 
urine  of  diabetic  patients.  If  consolidated  honey  be  washed  with  alcohol,  the 
fluid  portion,  dissolving,  leaves  almost  pure  glucose  in  a  granular  condition. 
The  ripe  fruit  of  the  **  dog-rose"  {Roses  canina  fructus,  B.P.),  contains  dextrose 
and  levulose,  to  the  extent  of  30  per  cent,  of  its  weight. 

Five  principal  methods  of  procuring  it  chemically  are  known  : — 
I.  By  acting  upon  starch  with  diastase  (a  peculiar  ferment  found  in  barley 
which  has  been  allowed  to  germinate — in  other  words,  in  malt).     Treated  in 
this  manner  jit  becomes  hydrated,  thus  : — 

3C4H10O6  -h  H,0  =  QHi  A  +  2QH10O4. 
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2.  By  treating  starch  with  sulphuric  acid. 

Mucilage  of  starch  is  made  by  pouring  boiling  water  upon  the  powder,  and 
this  is  boiled  with  about  i  per  cent  of  sulphiuic  acid  for  five  or  six  hours,  the 
water  lost  by  evaporation  being  supplied,  from  time  to  time,  from  a  vessel 
of  boiling  water  kept  in  readiness  for  that  purpose.  Afterwards  calcium 
carbonate,  in  the  form  of  chalk  or  whiting,  is  added  to  the  liquid,  until 
effervescence  ceases.  The  solution  is  then  filtered,  and  the  filtrate,  upon 
evaporation,  leaves  glucose ;  and  if  the  syrupy  mass  be  allowed  to  stand  for 
three  or  four  days,  the  amorphous  glucose,  at  first  separated,  will  be  trans- 
formed into  a  mass  of  crystalline  grains. 

3.  By  making  a  mixture  of  pure  dry  cellulose  (in  such  a  form  as  "  cotton- 
wool "  or  linen  rags)  with  twice  its  weight  of  strong  sulphuric  acid,  digesting 
in  the  cold  for  five  or  six  hours,  then  pouring  into  a  considerable  quantity  of 
water,  filtering,  boiling  for  a  few  minutes,  and  treating  the  liquid,  as  in  the 
last  case,  with  calcium  carbonate.  By  this  means  more  than  an  equal  weight 
of  sugar  may  be  obtained  from  linen.  It  has  been  proposed  to  treat  sawdust 
(which  has  been  deprived  of  its  resinous  constituents)  in  a  similar  manner, 
but  omitting  to  boil  the  filtered  liquor  before  neutralization,  in  order  to  obtain 
a  substance  which,  when  mixed  wixh  a  nitrogenous  body,  would  be  available 
as  bread. 

4.  By  boiling  cane  sugar  with  dilute  acid.  Thus,  sucrose  will  yield  dex- 
trose together  with  its  isomer,  levulose,  in  equal  proportions,  the  mixture 
being  known  as  inverted  sugar : — 

^12^23^11  "^  ^2^  ~  ^CgHjjOg. 

Yeast,  the  ferment  of  fruits  (denominated  pectase),  and  spontaneous 
decomposition,  will  also  cause  sucrose  to  undergo  the  same  metamorphosis. 
When  the  mixture  of  levulose  and  dextrose  (called  "inverted  sugar"),  ob-. 
tained  as  detailed,  is  mixed  with  ten  times  its  weight  of  milk  of  lime,  contain- 
ing 6  per  cent,  of  calcium  hydrate,  the  dextrose  only  remains  in  solution,  and 
if  the  mass  be  pressed  it  is  expelled.  On  removing  the  calcium  from  the 
solution,  by  means  of  carbonic  anhydride,  and  evaporating,  the  filtrate  firom 
the  calcium  carbonate  thrown  down,  pure  dextrose  results. 

5.  Treating  any  natural  glucoside  with  dilute  acid  causes  the  production  of 
dextrose  (and  levulose). 

Dextrose  (Glucose)  exhibits  the  following  characteristic  tests : — 

1.  Its  cold  watery  solution  is  not  changed  by  strong  sulphuric  acid,  which 
distinguishes  it  from  sucrose. 

2.  Heated  with  liquor  potasses,  it  blackens,  while  cane  sugar  does  not 
change. 

3.  It  precipitates  cuprous  oxide  from  Fehling's  solution  in  a  few  seconds, 
becoming  oxidized  in  so  doing.     Sucrose  does  not,  except  after  long  boiling. 

A  hundred  parts  require  140  of  water  for  solution,  the  same  quantity  of 
sucrose  requiring  only  30.     Glucose  is  also  less  sweet  than  the  latter. 

The  crystals  are  distinguished  from  those  of  cane  sugar  by  being  cubical  in 
shape,  instead  of  prismatic,  and  by  never  presenting  large  plane  surfaces  (such 
as  are  seen  in  sugar-candy).  When  free  from  moisture,  it  does  not  lose  weight 
when  heated  to  266^  F. ;  at  a  temperature  of  340°  F.,  however,  water  is  given 
off,  and  a  compound  called  glucosan,  having  the  same  composition  as  dextrin, 
is  produced  3  lastly,  heated  more  strongly,  it  becomes  caramel,  and  finally 
burns  away.     Dextrose  rotates  the  polarized  ray  to  the  right  56°. 

When  subjected  to  prolonged  ebullition  with  dilute  acids,  it  is  transformed 
into  ulmin  and  some  other  similar  bodies.  Calcium,  barium,  and  plumbic 
oxides  are  capable  of  union  with  dextrose.     The  two  former  compounds  pro- 
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duce  a  salt  containing  three  molecules  of  the  oxide  (o  two  of  glucose  and 
iwo  of  water,  thus  (CaO}j,(CBHi30g)j.aHjO.  A  compouttd  of  dextrose  and 
sodium  chloride  possesses  the  constitution,  aCjH,,Oj.NaCI.  HjO. 

In  consequence  of  sucrose  having  to  be  transformed  into  glucose,  before  the 
fennenliitive  process  can  be  set  up,  the  latter  ferments  much  more  quickly. 
Heated  with  nitric  acid,  glucose  forms  first  saccharic  and  afterwards  oxalic 
acid. 

Theie  are  two  principal  processes  for  the  estimation  of  dextrose  (glucose), 
the  one  graiimetric,  the  other  volumetric.  Both  of  these  depend  upon  the 
almost  instantaneous  reduction  of  cuprous  oxide  from  cupric  tartrate  in  the 
presence  of  an  alkaline  hydrate. 

(.Fifr  velumttTk  precai,  la  AKtiiir'i  Ja»ljiiad1!beBtittTj,faga  159,  160.) 

Tlie  gravimetric  estimation  is  performed  by  adding  excess  of  Fehling'a 
solution  Eo  5  grains  of  sugar  dissolved  in  1000  grains  of  water,  and  boiling. 
The  mixture  is  (hen  filtered,  and  the  precipitate  of  cuprous  oxide  on  the  filter 
dried  and  ignited  in  a  tared  porcelain  crucible.  A  few  drops  of  nitric  add 
are  added  to  the  residue,  the  liquid  is  evaporated  to  dryness  very  carefully 
with  a  lid  on  the  crucible  ;  lastly,  the  whole  is  heated  to  full  redness  for  ten 
minutes,  transferred  to  a  desiccator,  and  weighed  when  cool.  siO'S  parts  of 
cupric  oxide,  the  resulting  product,  correspond  to  95  parts  of  cane  sugar,  or 
100  parts  of  glucose.  In  applying  this  test  to  the  estimation  of  lactose,  it 
will  bf  found  that  14776  parts  of  cupric  oxide  conespond  to  100  of  milk 
sugar. 

/■iA/in/s  solution  of  cupric  tartrate  in  potassium  hydrate  is  made  by  dis- 
solring  350'grains  of  pure  crystallized  cupric  sulphate,  reduced  to  powder, 
and   pressed    between    bibulous    paper  till  absolutely   free   from    extraneous 
moisture,  in  a  little  distilled  water,  and  adding  1730  grains  of  sodium  potas- 
sium tartrate  (Rochelle  salts),  then  introducing  600  grains  of  pure  potassium 
hydrate,  dissolved  in  the  smallest  possible  quantity  of  water,  until  the  deep  . 
btae  precipitate  of  cupric  tartrate  is  entirely  dissolved,   using  more  of  a  tcaJ 
per  cent  solution  of  potassium  hydrate  if  necessary.     The  liquid  must  theol 
be  made  up  to  10,000  grain- measures,  and  immediately  introduced  into  a  well-^ 
Stoppered  bottle,  as  the  carbonic  anhydride  of  the  air  causes  rapid  detcriora- 
tioiL     Previously  to  every  determination  in  which  this  solution  is  employed,  it 
b  necessary  to  boil  a  few  drops  with  a  quantity  of  pure  water,  and  if  any  red 
precipitate  is  formed,  the  solution  must  be  rendered  incapable  of  producing 
such  (when  boiled  with  pure  water)  by  the  addition  of  solid  potassium  hydrate 
free  Irom  carbonate. 

IiETULOSE  (SvN.  Ltiv-slfiose).    Pormnla,  CgH,jO,. 

This  substance  is  formed  artificially  by  boiling  inulin  with  dilute  sulphuric 
acid,  and  also,  together  with  dextrose,  when  cane  sugar  is  boiled  with  the 
same  acid,  and  naturally  in  many  fruits  by  the  action  of  an  acid  or  a  ferment 
contained  in  the  juice.     It  may  be  separated  from  dextrose  by  taking  ad- 
vaiiLage  of  its  property  of  fomung  a  solid  compound  with  milk  of  lime  con- 
taining 6  per  cent,   of  calcium  hydrate,  as  mentioned  under  dexlnte.     The 
maple,  rose,  lime,  and  other  trees,  sometimes  bear  upon  the  leaves,  and  other 
parts,  a  thick  excretion,  whicli  occasionally  becomes  sufficiently  solid  to  lose 
Its  adhesiveness,  and  so  falls  to  the  ground.    This  saccharine  substance  con- 
sists of  dextrose  and  sucrose  as  well  as  levulose,  and  is  popularly  denominated 
ianty-dea'.     Treacle  and  molasses  (the  former  resulting  from  the  purification   J 
of  moist  sugar,  the  latter  from  the  preparation  of  that  moist  sugar  from  theJ 
sngar-cone)  conuin  a  proportion  of  levulose,  and  also  dextrose,  sucrose,  andfl 
colouring  matter.     Honey,  another  substance  in  which  it  exists,  is  sotaCMM^^ 
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used  in  making  confections ;  sucrose,  however,  being  more  frequently  em- 
ployed. 

Levulose  is  met  with  in  a  colourless  unprystallizable  syrup  which  rotates  a 
polarized  ray  io6°  to  the  left  at  57*2°  F.  It  is  more  soluble  in  alcohol  than 
dextrose,  and  as  sweet  as  sucrose.  It  is  similar  in  chemical  reactions  to 
dextrose. 


FRUIT  SX7QAB  (Syns.  Inverted  Sugar.    Honey  Sugar),    Ponnula,  Qfi^O^. 

Is  the  mixture  of  equal  parts  of  dextrose  and  levulose  found  in  honey  and 
many  fruits,  and  also  formed  when  cane  sugar  is  boiled  with  dilute  sulphuric 
acid,  or  warmed  with  strong  hydrochloric  acid  Owing  to  the  excess  of  the 
laevo-rotary  power  of  levulose  over  the  dextro-rotary  power  of  dextrose,  inverted 
sugar  turns  the  polarized  ray  to  the  left  50°  at  57 '2°  F. 

It  is  similar  in  reactions  to  glucose. 


CHAPTER  XVI. 
ORGANIC    ACIDS. 


An  acid  is  the  result  of  the  oxidation  of  an  alcohol.  All  normal  alcohols 
are  characterized  by  their  susceptibility  to  oxidation,  the  result  of  which 
is  the  production  of  one  or  more  substances  possessing  acid  properties,  and 
forming  in  their  turn  a  complete  and  characteristic  series  of  salts,  in  conse- 
quence of  the  displacement  of  a  portion  of  their  hydrogen  by  the  various 
metals  and  basylous  radicals.  The  oxidation  of  an  alcohol  takes  place  by  two 
distinct  steps,  the  first  of  which  consists  in  the  removal  of  two  atpms  of  hydro- 
gen, and  results  in  the  formation  of  a  body  called  an  aldehyd ;  while  in  the 
second  step  the  aldehyd  takes  to  itself  an  additional  atom  of  oxygen,  and 
forms  the  acid.  By  distilling  ordinary  alcohol  with  any  oxidizing  agent,  such 
as  a  mixture  of  manganic  dioxide  and  sulphuric  acid  (see  Oxygen),  we  obtain 
its  aldehyd  as  the  result  of  the  following  reaction  : — 

Alcohol.         Oxygen.  Aldehyd.  Water. 

2C2H6HO     +     02=     2C2HP     +      2H3O. 

The  aldehyd  produced  is  extremely  unstable ;  and  by  simply  exposing  it  to  the 
air,  oxygen  is  at  once  absorbed,  and  acetic  acid  is  produced  \  thus, — 

Aldehyd.      Oxygen.       Acetic  Acid. 
2C2H4O    +03=     2C8HP2. 

The  aldehyd  is  usually  named  after  the  acid,  and  not  the  alcohol ;  thus, 
the  one  above  referred  to  would  be  called  cuetic  aldehyd,  Aldehyds  may 
be  reconverted  into  the  corresponding  alcohols  by  the  action  of  alkaline 
hydrates,  a  salt  of  the  corresponding  acid  being  simultaneously  produced. 
Thus,  benzoic  aldehyd  (oil  of  bitter  almonds)  yields  benzyl  hydrate  and 
potassium  benzoate  when  treated  with  potassium  hydrate : — 

2C7HgO  +  KHO  =  C7H7HO  +  KC7H6O2. 

Nascent  hydrogen  also  reconverts  aldehyds  into  alcohols ;  example, — 

C3H4O  +  Hj  =  CoHgHO. 

Aldehyds  are  characterized  by  all  forming  insoluble  compounds  with  potassium 
hydrogen-sulphite,  and  this  principle  is  taken  advantage  of  in  separating  and 
obtaining  them  in  a  pure  state. 

Unfortunately  the  names  of  the  acids  produced  by  oxidation  from  alcohol 
are  merely  arbitrary ;  most  of  them  having  been  discovered  and  named  before 
the  alcohol  from  which  they  are  derived.  This  circumstance  causes  consider- 
able confusion  in  the  mind  of  a  young  student,  as  he  has  to  learn  that  common 
alcohol  yields  acetic  acid,  while  am>l  alcohol  yields  valerianic  acid. 

In  theory,  the  oxidation  is  supposed  to  take  place  by  the  8ubstitiit*< 
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'    for  H3  in  the  basylous  radical  of  the  alcohol  (vtde'  page  210).    The  new 
radical  formed  is  called  the  oxygenated  or  acid  radical    Thus : — 

The  basylous  radical  (etAyl),  CjHj  corresponds  to  the  oxygenated  radical  {acOyi),  C^HsO. 


The  hydride^ 
The  hydrate 

The  oxide 


The  haloid 
etherj 


o 


{{ethane),  C,Hj.H  ^ 
(a/f^>i<7/).C.Hj.H0 

(ether),  (C,Hj),0 

{ethyl  chloride) 


CO 

8 


/hjrdride 
hydrate 

oxide 

chloranhydride 


{{aldehyd),  C,H,O.H* 
(acetic  acid),  C,H,0.HO. 

(acetyl  chloride)  C^HsO.CL 


These  oxygenated  radicals  are  usually  named  by  adding  j^/  to  the  first  two 
syllables  of  the  name  of  the  acid;  thus,  acetic  aldehyd  would  be  named  acetyl 
hydride,  and  its  rational  formula  from  this  point  of  view  would  be  QHjO.H  ; 
while  acetic  acid  would  in  turn  become  acetyl  hydrate,  C3H3O.HO. 

As,  however,  the  main  object  of  the  pharmacist  is  to  obtain  an  acquaint- 
ance with  the  various  acids  themselves  and  the  salts  they  produce  by  dis- 
placement of  one  or  more  atoms  of  their  hydrogen,  we  adhere  to  the  older 
idea,  and  leave  the  student  who  is  desirous  of  learning  the  more  advanced 
views  on  this  subject  to  refer  to  any  special  work,  such  as  Frankland's 
"  Organic  Chemistry."  We  prefer,  therefore,  to  write  a  rational  formula  for 
an  "  organic  "  acid  in  the  same  way  as  we  have  done  with  the  acids  already 
studied,  viz.,  by  placing  the  displaceable  hydrogen  first,  and  viewing  the  rest 
of  the  acid  as  an  acidulous  radical  which  is  to  be  found  unchanged  in  all  the 
salts  produced  by  the  acid  in  question. 

The  hydrate  of  a  monad  compound  radical  (usually  called  a  monatomic 
alcohol)  is  only .  capable  of  forming  one  acid  by  oxidation ;  but  such  acid- 
forming  power  becomes  much  more  extended  when  we  arrive  at  the  hydrates 
of  dyads,  such  as  ethylene,  and  triads,  such  as  glyceryl.  The  diatomic  alcohols 
(hydrates  of  dyads )  can  form  two  acids,  according  to  the  number  of  atoms  of 
typical  hydrogen  affected  by  the  oxidation.  In  this  way  ethylene  hydrate 
(glycol)  can  produce  either  glycollic  or  oxalic  acids,  as  follows  : — 

CaH^2HO  +  02  =  HsQHgOa  +  H^O. 

Glycollic  Acid. 

C3H42HO  +  2O3  =  H2C2O4  +  2HaO. 

Oxalic  Acid. 

The  triatomic  alcohob,  like  glyceryl,  can  form  three  acids  in  this  manner, 
and  so  on  through  all  the  hydrates  of  polyatomic  radicals,  the  number  of  pos- 
sible acids  increasing  with  the  number  of  atoms  of  typical  hydrogen. 


I.  ACIDS  OF  THE  FATTY  SERIES,  C^ViJO^. 

These  acids  are  derived  from  the  alcohols  of  the  series,  CnHgn  +  i-HO. 
Those  which  can  be  distilled  unaltered  in  the  air  are  said  to  be  volatile  acids, 
and  those  which  decompose  when  heated  are  called  non-volatile. 

They  are  acted  upon  by  phosphorous  oxychloride,  forming  acid  chlorides 
or  chlor-anhydrides  3  thus,  acetic  acid  and  phosphorous  oxychloride  yield 
acetyl  chloride : — 

3HC3H3O2  +  POCI3  =  sCgHjO.Cl  +  H3PO4. 

The  acid  chlorides  so  produced,  when  distilled  with  a  metallic  salt  of  the 
corresponding  acid,  yield  the  oxide  of  the  acid  radical  (anhydride).  Thus, 
acetyl  chloride,  distilled  with  sodium  acetate,  yields  anhydrous  acetic  acid  : — 

CgHsO.Cl  +  NaCgHjOj  =  (C8H30)30  +  NaCl. 


FORAfIC  AC !D.— ACETIC  ACID. 

The  acid  chlorides  are  oily  liquids,  fuming  in  the  air,  and  breaking  up  into 
the  I'aity  acid  and  hydrochloric  acid  on  touching  water. 

Fatty  acids  heated  with  alcohols  in  sealed  tubes,  yield  compound  ethers ;  and 
conversely,  the  ethers  produced  may  themselves  be  "  saponified,"  or  reduced 
to  the  alcohol  and  acid  by  heating  wilh  a  little  water  in  a  sealed  tube  to  over 
480°  F.  The  acids  may  be  formed,  as  already  shown,  by  oxidizing  the  corre- 
sponding alcohol  into  aldehyd,  and  then  exposing  the  latter  lo  the  air ;  but 
l>esides  this,  an  acid  can  also  be  formed  from  the  cyanide  of  the  alcohol  radical^ 
next  lower  in  the  series  by  heating  with  potassium  hydrate. 

Thus,  iiaAyl  cyanide  may  be  made  to  yield  potassium  acetate  : — 
CH,.CN  +  KHO  +  H,0  -  K.CH,0..  + NH,. 


FORUIC  ACID.     Formula,  HCHOj,     UolBcnlax  Weight,  46. 

Is  the  result  of  the  oxidation  of  meiliyl  hydrate.     It  exists  in  the  acid  scctc- 
lioo  which  is  furnished  by  the  red  ant  {^Fortnka  ru/a),  and  hence  acquires  its 
n«me.     It  is  also  contained  in  the  glands  of  Urfica  urens  {the  smalt  nettle), 
and  in  a  few  mineral  waters,  notably  those  of  Prinzhofen,     The  destructive   , 
distillation  of  asafcetida,  the  action  of  alkalies  upon  chloral,  chloroform,  etc,  i 
and  the  spontaneous  decomposition  of  hydrocyanic  acid   in  contact  with'} 
the  air,  are  also  sources  of  its  derivation.     It  is  commercially  prepared  on    ' 
the  large  scale  by  distilling  oxalic  acid  with  its  own  weight  of  commercial 
glycerin,  when  a  violent  disengagement  of  carbonic  anhydride  takes  place,  and 
a  fluid  distils  over  coniaining  56  percent,  of  formic  acid.     It  may  be  rendered 
absolutely  pure  by  treatment  with  plumbic  carbonate,  when  plumbic  formate 
is  produced,  and  remains  in  solution,  but  may  be  crystallized  out  by  evajiora-.^ 
lion.     The  dried  crystals  of  plumbic  formate  are  then  exposed  to  the  0 
of  sulphuretted  hydrogen.   The  liberated  acid  is  distilled  off  from  the  plumbic^ 
sulphide  also  formed,  and  is  obtained    free   from  sulphuretted   hydrogen  I 
by  passing  through  it  a  current  of  dried  carbonic  anhydride.     The  anliydrouSil 
acid  is  solid  between  30°  and  34*  F.,  though  at  the  ordinary  temperature  it  l«T 
a  syrupy,  colourless  liquid.     By  the  displacement  of  its  hydrogen  by  metals^. f 
and  basylous  radicals,  it  yields  a  class  of  salts  lermcd /orma/a.  I 

Formic  acid  causes  a  precipitate  of  metallic  mercury,  when  it  is  boiled  with  I 
mercuric  or  mercurous  nitrate.  It  is  distinguished  from  other  acids  derivedl 
from  carbon  (except  carbonic  and  oxalic),  by  not  undergoing  charring,  whea  | 
mixed  with  sulphuric  acid  and  heated.  It  readily  reduces  argentic  nitrate,! 
when  mixed  with  a  little  solution  of  sodium  hydrate,  and  heat  applied,  metallic  1 
silver  separating.  //  ifofs  not  reduce  platinic  and  auric  chlorides  when  boiled  1 
with  them,  vnlas  sodium  or  potassium  hydrate  bt  added. 

This  is  owing  to  the  volatility  of  the  acid.  It  is  a  fact  well  worthy  of  notice, 
that  oxalates  may  be  formed  from  formates,  by  heating  with  an  excess  of 
an  alkaline  hydrate. 

For  example,  the  action  of  potassium  hydrate  on  potassium  formate  pro-  , 
daces  potassium  oxalate,  the  hydrate  remaining  unaltered,  and  hydrogen  I 
being  evolved,  thus ; — 

KHO  +  aKCHO,  ^  KaCjO^i-Hj  +  KHO. 
{Fi>r  Jitalitm  f/ fmmic  ^cid  and  Firmaitt,  ittAttihat'i  AialjUcal  Clwni*ti7, /lyv  74.) 


STSROGEN  ACETATE  (Svxs.  Acetic  Aeid.     Acetyl  ffydrate.    J^rolisneoat^ 
Ac/./}.     Formula,  HC,H,Oj,     Jtolecular  Weight,  60. 

This  vet}*  common  and  useful  acid  results  from  (1)  the;  oxidalionof  alcoht^  J 
(])  the  dr}'  disilllaiion  of  wood,  and  (3)  the  action  of  the  mineral  acids  upanl 
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acetates.      It  is  contained  in  the  juices  of  some  plants,  and  in  certain  animal 
secretions. 

The  dilute  form,  well  known  as  "vinegar,"  x^acetum^  B.P.,  which  is  obtained 
from  wine  in  France,  and  from  fermented  malt  liquor  in  England. 

Wine  which  has  gone  sour  is  mixed  with  wine  lees,  and  after  standing  in 
contact  for  a  time,  the  mass  is  placed  in  cloth  sacks,  and  pressed  until  no 
more  liquid  flows.  The  solution  thus  obtained  is  fermented  in  casks  having 
a  small  opening  at  the  top,  and  heated  to  about  80°  F.  This  occupies^  in 
summer,  not  more^than  a  fortnight;  in  winter,  rarely  less  than  a  month.  The 
vinegar  is  transfen-ed  to  casks  containing  a  little  birchwood,  and  after  standing 
for  a  fortnight,  to  clarify,  is  ready  for  use. 

A  quick  process  for  its  manufacture  is  adopted  in  Germany,  and  only  re- 
quires a  day,  or  a  day  and  a  half,  for  its  accomplishment.  A  thin  stream  of 
the  alcoholic  liquid  falls  into  a  wooden  tube  containing  shavings  of  beech 
wood,  whilst  air  is  allowed  to  pass  upwards  through  holes  in  the  side  of  the 
tube.  The  rapid  oxidation  of  the  alcohol,  in  consequence  of  the  large  amount 
of  its  surface  exposed  to  atmospheric  action,  raises  the  temperature  to  more 
than  100°  F.,  but  this  may  be  lowered,  if  it  be  thought  desirable,  by  allowing 
a  more  rapid  stream  to  flow.  After  passing  three  or  four  limes  down  this  tube, 
the  liquor  is  completely  acetified. 

Malt  vinegar  is  made  by  exposing  a  fermenting  solution  of  malt  and  un- 
malted  grain  to  the  air  for  five  or  six  months.  A  better  process  is  by  placing 
casks,  containing  the  fermented  solution  of  malt  {see  Alcohol),  in  dark  rooms, 
covering  the  tops  with  coarse  cloths,  and  exposing  them  to  a  temperature 
approaching  to  90°  F.  The  duration  of  this  process  is  not  fixed,  varying  from 
several  weeks  to  three  or  four  months.  When  acetification  has  ceased  to 
occur,  the  product  is  filtered  several  times  through  the  residue  obtained  after 
the  preparation  of  British  wines,  which  is  known  as  rape. 

Though  it  has  for  a  long  time  been  proved  that  the  idea  of  preserving 
vinegar  by  the  addition  of  sulphuric  acid,  is  erroneous,  most  manufacturers 
continue  to  add  at  least  the  amount  allowed  by  Act  of  Parliament :  viz., 
I  part  per  thousand  of  vinegar. 

Vinegar,  B.P.,  is  an  acid  liquid  of  a  brown  colour  and  peculiar  odour. 
Specific  gravity,  I'oiy  to  1*019.  Vinegar  is  essentially  a  dilute  solution  of 
acetic  acid,  containing  some  colouring  and  extractive  matters  derived  from  the 
malt,  and  a  trace  of  flavouring  compound  ethers  formed  during  fermentation. 

Owing  to  the  inferior  volatility  of  acetic  acid  to  water,  a  simple  distillation 
does  not,  as  in  the  case  of  spirit,  secure  a  stronger  distillate,  but  a  weaker. 
Hence  the  distilled  vinegar^  commonly  supposed  to  be  stronger  than  the  ordi- 
nary coloured  form,  contains  a  less  percentage  of  acetic  acid. 

The  pharmaceutical  forms  of  acetic  acid  are  derived  from  wood.  This 
source  is  cheaper  than  the  ones  which  we  have  detailed,  but  the  resulting  acid ' 
is  much  more  difficult  to  obtain  in  a  pure  state.  Wood  is  placed  in  a  large 
iron  retort,  and  heated  until  no  more  vapours  are  evolved.  The  distillate  is 
separated  into  two  portions,  a  watery  and  a  tarry  product.  The  watery  part 
is  redistilled  at  a  heat  below  boiling  water.  The  spirituous  constituent  then 
passes  over,  and  the  residue  is  crude  acetic  acid,  usually  called  pyroligneous 
acid,  on  account  of  its  empyreumatic  odour.  It  must  be  mixed  with  calcium 
carbonate  and  sodium  sulphate,  until  the  liquid  is  neutral  and  no  more  pre- 
cipitate is  formed  by  the  addition  of  either.  The  clear  solution,  after  filtration, 
is  evaporated  to  crystallization ;  and  the  crystals  of  sodium  acetsCte  which 
separate,  having  been  heated  until  most  of  the  tarry  matter  is  destroyed  or 
driven  off",  are  further  purified  by  crystallization,  and  then  decomposed  by 
an  equivalent  quantity  of  sulphuric  acid  mixed  with  half  its  weight  of  water. 
In  consequence  of  the  inability  of  strong  acetic  acid  to  dissolve  sodium 
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su1|)Fiate.  tbe  greater  proportioD  of  this  crystallbcs  out,  and  laxy  be  remoTM^I 
The  Rcid  ts  purified  from  ibe  slight  amount  of  sulphate  rcnuhiing  in  sohitia^l 
by  ledistillatton.  ^1 

A  cheaper  process  consists  in  the  saturation  oT  the  cnide  wood  prodocis 
with  cUdum  oxide,  filtration  of  the  liquid,  evaporation  lo  half  ils  bulk,  and 
rendering  it  slightly  acid  by  the  addition  of  about  one-fiftieth  of  its  tret^t  of 
hydrochloric  acid.  This  causes  the  tarry  matiere  to  float  upon  the  surface, 
whence  they  are  eliminated  by  skimming.  The  cle.or  solution  is  evapomlcd 
to  complete  dryness,  mi:ied  with  about  one  tenth  of  its  weight  of  water,  and 
fouT-fifihs  of  its  weight  of  B.P,  hydrochloric  acid,  and  then  distilted. 

.\  distillate,  having  the  specific  gravity  of  i'26o,  is  obtained.     By  heating    ■ 

the  product  with  about  three  per  cenL  of  potassium  dichromate,  and  distilling,'^ 

any  cxces-s  of  hydrochloric  acid  is  destroyed,  and  a  pcculi^  odour  which  ihaij 

acid  formerly  possessed  disappears.  ^| 

The  B.P.  acetic  acid  contains  33  per  cent,  of  real  acetic  add,  HC(H,<^^| 

corresponding  to  j8  percent,  of  anhydrous  acetic  acid,  CjHuOj  or  (CiH,0>,C^H 

II  is  a  colourless  liiiuid,  having  a  strong  acid  reaction  and  a  pungent  odoO^H 

Specific  gravity,  1044.  IH 

When  the  acid  above  described  is  diluted  with  waterto  eight  limes  itsbull^jl 

ihc  B.P.  aiidum  luetiium  dUatum  results,  having  a  specific  gravity  of  1*006.       I 

Another  form  of  the  ,-tcid  is  official,  vii.,  aeidum  actticwn  glaeiait,  B.P.jl 

This  is  nearly  pure  acetic  acid,  containing  only  about  1  \  per  cent,  of  walci.     w 

Potassium  acetate  combines  with  acetic  acid  to  form  potassium  diaccuu^fl 

KCjH30j.HCjH,,03.   When  therefore  a  tolerably  strong  (acetic)  acid  is  muteil'fl 

triih  potassium  acetate  it  retains  part  of  the  acid  when  subjected  to  distillaiiott^ 

If  thts  mixture  be  distilled  until  the  distilbte  has  a  specific  gravity  of  i'o6^'fl 

and  a  ilry  receiver  be  used  lo  collect  the  product  which  afterwards  comes  ovck^ 

the  glacial  acid  may  be  procured.     The  mode  of  preparation  in  more  generu,'! 

use  IS  by  the  distillation  of  a  neutral  acetate  with  sodium  hy drogen-sul phatqf. ^ 

tiT  with  strong  sulphuric  acid.     Glacial  acid  ought  to  be  pure  acetic  acid,  bgrfl 

in  commerce  it  contains  about  98  8  per  cent,  of  HC^HjO^,  cotrcsponding  twl 

84  per  cent  of  anhydrous  acid,  C^H^Oj.  ■ 

It  cr)-stallizes  when  cooled  to  34°,  and  remains  crystalline  until  the  tempgJ 

rature  rises  to  above  48°.  Specific  gravity,  1  065  lo  r  '066,  and  this  is  incrcase(^| 

by  adding  ten  per  cent,  of  water.     At  the  mean  temperature  of  the  air  it  is  ^1 

colourless  liquid,  with  a  pungent  acetous  odour.     The  form  of  acetic  aci^fl 

which  passed  under  ihe  name  of  "  spirits  of  copper  "  and  "  sjiirits  of  verdigris  ^'M 

is  still  made  by  the  dry  distillation  of  ciipric  acetate,  freed  from  moistiue  by  IM 

heal  of  aio"  to  150°  F.  ■ 

Pure  acetic  acid  crystallizes  at  a  temperature  somewhat  less  than  60''  Fffl 

eacept  wlicn  secluded  from  atmospheric  action,  in  which  case  an  analogouifl 

iiheoomenon  to  "  supersaturalion  "  occurs,  and  the  liquid  retains  its  normal'l 
tyna,  even  when  reduced  to  S3"5°  F. ;  a  slight  shake,  however,  of  the  opened^ 
vessel  causing  rapid  solidification  and  a  decided  rise  in  temperature     It  1>oiIs    ' 
when  raised  lo  143°  F.    The  liquid  is  not  inflammable,  though  its  vapour  is. 
When  strong  sulphuric  add  is  heated  with  it,  charring  ensues.    The  acid  con- 
taining s  I  per  cent,  of  water  is  the  heaviest  form,  having  a  specific  gravity  of 
1073.     This  is  a  curious  circumstance,  contrary  to  tlie  general  properties  of    I 
liquids,  an<)  likely  to  give  considerable  annoyance  lo  any  person  who,  beEli|fg 
unaware  of  the  fact,  attempts  to  estimate  acetic  acid  by  its  specific  gravi^wjl 
He  might  confoimd  an  acid  of  545  per  cent,  with  Ihc  absolutely  iinlijiliiiiiM 
body,  \m\\\  having  the  same  densit>'.     Alcohol  and  acetic  acid  arc  mutudH 
solvents,  each  dissolving  in  the  other  with  great  readiness  ;  and  the  laiie^H 
like  the  former,  taking  up  many  resinous  bodies— gum  resins,  essential  oB^H 
and.camphor.  ^ 
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Acetates  are  derived  by  the  displacement  of  hydrogen  from  acetic  acid  by 
a  basylous  radical.  Most  acetates  are  soluble  in  water  and  alcohol,  and  are 
inclined  to  be  deliquescent ;  they  are  chiefly  prepared  by  dissolving  metallic 
oxides  or  carbonates  in  acetic  acid.  >  All  acetates  are  decomposed  by  a  red 
heat ;  the  alkaline  acetates  yielding  marsh  g^^  especially  in  presence  of  an 
excess  of  alkali : — 

NaCjH^Og  +  NaHO  =  NajCOs  +  CH^. 

Acetates  of  earthy  metals,  on  the  other  hand,  when  heated,  evolve  the  charac- 
teristic odour  of  acetone,  and  les^ve  a  residue  of  carbonate,  thus : — 

Ba(C3H30a)2  =  BaCOj  +  CgHgO. 

Acetates  of  easily  reducible  metals,  such  as  copper,  )rield,  when  heated,  a 
distillate  of  acetic  acid,  leaving  a  residue  of  the  metal,  or,  in  some  cases,  of 
the  oxide. 

{For  deUction  and  separation  of  Acetates,  see  Author^ s  AiudjtiGal  Chemistry,  page  74.) 

AUTMONIUM   ACETATE    (Syns.   Ammonice  Acdas,    Un  solution\  Spiritus 
Mindereri),    Formula,  NH4C3H3O2.    Molecular  weight,  77. 

Is  produced  by  dissolving  the  official  ammoninm  carbonate  in  acetic  acid, 
to  which  it  is  added  until  a  neutral  solution  results. 

N4HigC808  +  4HC2H3O8  =  4NH^C2H303  +  3CO3  +  2H2O. 

A  solution  of  ammonium  acetate  is  official  under  the  designation  of  liquor 
ammonicB  acetatis^  and  is  prepared  by  neutralizing  10  fluid  ounces  of  acetic 
acid  with  a*  sufficiency  of  ammonium  carbonate,  and  then  adding  2  J  pints  of 
water. 

This  solution  decomposes  by  keeping,  becoming  alkaline  owing  to  produc- 
tion of  ammonium  hydrate  and  ammoninm  diacetate,  NH4C3H3O2.HC3H3OS. 
This  latter  body  may  also  be  formed,  as  a  white  sublimate,  on  subjecting  a 
mixture  of  ammonium  chloride  and  sodium  acetate  to  sublimation. 

SODIUM  ACETATE  (Svn.  Sodce  Aceias),    Pormtda,  NaCoHsOs- 
Molecular  Weight,  82. 

Is  formed  in  the  manufacture  of  acetic  acid.  If  desired  pure,  it  may  be 
produced  by  the  solution  of  sodium  carbonate  in  acetic  acid,  or  by  the  action 
of  sodium  sulphate  upon  calcium  acetate.  Water  at  1 20°  F.  dissolves  about 
60  per  cent,  of  sodium  acetate,  which  is  usually  met  with  in  transparent 
colourless  crystals,  soluble  in  water,  forming  a  solution  neutral  to  test-paper. 

(For  analysis^  see  Author's  Analytical'Cniemi8try;/<?^if  107. ) 

POTASSIUM  ACETATE  (Syn.  Potassd  Acetas),    Formula,  KCMjiy 
Molecular  Weight,  98. 

Is  occasionally  a  bye-product  in  the  preparation  of  the  acid.  Is  contained 
in  some  vegetable  secretions,  and  may  be  formed  in  the  same  manner  as 
sodium  acetate.     The  reaction  occurring  in  the  manufacture,  is : — 

KgCOg  +  2HC2H3O8  =  2KC2H3O2  +  COj  +  HgO. 

It   undergoes   fusion  when    heated   to    incipient   redness,    and    is    very 

deliquescent. 

(For  analysis,  see  Author's  Analytical  Chemistry, /^^  107.) 

It  is  employed  as  a  precipitant  for  tartaric  acid,  with  which  it  produces 
potassium  hydrogen-tartrate  and  acetic  acid,  in  which  the  tartrate  is  insoluble. 
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PoUssium  acelate  being  readily  soluble  in  alcohol,  whilst  poUssium  hydrogco-^ 
tartrate  is  insoluble,  the  addition  of  thnt  body  promotes  the  success  of  thi 
lest.     It  is  the  fused  salt  which  is  official,  and  it  is  met  with  in  fi 
satiny  masses,  very  deliquescent,  Deutral  (o  lesl-paper,  and  entirely  soluble  Ij 
rectiiied  spirit, 

ABOEimC  ACETATE  (Svn.  AcHale  of  Silver).   Fonntda,  AgC^HjOj, 
Uolecular  Weight,  167. 

A  white  precipitate  produced  by  the  addition  of  argentic-  nilraie  to  sodiuaj 
acetate.  It  Is  soluble  in  acids  and  ammonium  hydrate,  likewise  in  excess  <) 
cold  water. 

CALCniM  ACETATE  (SvN.  Aatait  of  lime).  Fomala,  Cft3C,H,0,. 
Holeoolar  Weight,  158. 
Procured  in  the  purificition  of  pyroligneous  add;  but  the  pure  salt  | 
obtained  by  the  neutralization  of  acetic  acid  with  calcium  carbonate,  ; 
evaporation  to  the  crystallizing  point.  It  is  soluble  in  atcoliol  as  fell  x 
inter,  and  leaves  calcium  carbonate  on  being  subjected  to  beat. 

ZnrC  ACETATE  fSvx.  Zinci  Aceias).     Formnla,  ZttSC^Sfi^. 
Uolecnlar  Weight,  1B3. 

Produced  by  tlie  solution  of  the  official  zinc  carbonate  in  acetic  acid. 

Tbe  equation  represents  lliat, — 

ZnCOs.(Zn2HOVHsO  +  HHCjHjOj  =  3Zn2C,H,0,  +  CO,  +  6H,0. 

This  salt  is  in  thin  translucent  and  colourless  crystalline  plates  of  a  pca^ 
lustre,  with  a  sharp  unpleasant  taste.     It  contains  two  molecules  of  water  Q 
crystallization,  and  thus  is:    ZnaCHaOj-iMjO.     By  healing  lo  iii'F.,  dl^ 
wnler  is  driven  off.  leaving  a  soli<f  mass,  from  which,  at  380°  F..  anhydro 
line  .icciaie  sublimes  in  sc-ily  crystals,     A  strong  heal  chars  the  product. 

Zinc  acetate  is  occasionally  formed  from  the  metal. 

(For  anatysU,  icfAuthoi's  AnalTtical  CbtnUitry,  fagt  107.) 


CTTVRIC   ACETATE    (Svns.    Cupri  A<tlas.      Cnf-per    Ver.Uler.     Crystalliak 
I'ltdip'is).    Formula,  Cii2C;H^0,j.     Molecular  Weight,  ISl'S. 

This  salt  rcMilis  from  tlie  solution  of  cnpric  oxide  or  carbonate,  in  strgM 
teetie  acid,  and  crystallizes  out  on  cooling.     The  reaction  is : — 
CuO  +  sHCjHjOj  =  CiiaCjHjO,  +  H3O. 

W'hen  plumbic  acetate  is  added  lo  a  solution  of  cuiiric  sulpliate,  plui 
sulphate  is  precipitated,  and  ctipric  acetate  rcni.-iins  in  solution.  As  solutidl 
of  cupric  acetate  cannot  be  evaporated  without  undergoing  i]e<:onipusitiai^^ 
the  mixed  solutions  must  be  filtered  whilst  hot,  and  sufficiently  strong  t4'| 
degiosit  ilie  acetate  on  cooling. 

Tbe  Pharmacol )a:i a  einp'oys  i'ww  ifrdigrU,  cupric  oxy-acctate,  sometimei 

termed  stib-acctate  of  copper,  (Cu,0)iCjH,Oj,  for  the  purpose  of  prepartii|' 

cupric  acetate^    The  reaction  is  represented  as  taking  place  thus : — 

(CusO)jC,H,Oj  +  aHCjHaO,  =  2CuiCjHs04  +  H,0. 

The  solution  of  cupric  acelate  is  employed  by  the  P.P.  to  detect  llu 
butyric  acid  in  zinc  valerianate,  by  disiilling  with  sulphuric  acid  and  addii^ 
tbe  acetate  to  the  distilLate,  when  an  immediate  precipitate  or  0)»tc9ceQce  fi 
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produced  in  the  presence  of  butyric  acid ;  while  valerianic  acid  does  not  cause 
any  change  for  some  little  time. 

If  dry  cupric  acetate  be  heated  until  no  more  acid  fumes  are  liberated,  and 
the  temperature  be  raised  to  520°  F.,  cuprous  acetate  sublimes  in  white  fumes, 
condensing  in  flakes  of  the  same  colour,  which  by  the  action  of  water  form 
yellow  cuprous  hydrate  and  a  solution  of  the  cupric  acetate. 

CUPRIC  OXY-ACETATE  (Syns.   Sub- Acetate  of  Copper,     Green    Verdigris. 
yErugo),    Formula,  (QvLfi)2Q^ji^^    Molecular  Weight,  261. 

It  results  from  the  action  of  the  air  upon  copper  plates  moistened  with 
acetic  acid  in  the  form  of  vinegar.  In  Sweden,  the  plates  are  arranged  on 
cloths  moistened  with  vinegar,  and  the  neutral,  or  rather  normal,  salt  produced 
is  made  to  take  up  more  of  the  cupric  oxide  by  exposure  to  atmospheric 
action  and  moisture.  It  is  bright  green  in  colour,  insoluble  in  water,  and 
when  heated  with  sulphuric  acid  gives  off  the  smell  of  vinegar,  and  forms 
cupric  sulphate  in  solution.  * 

CUPRIC  ACETO-ARSENITE,  or  (more  properly) 

CUPRIC  ACETO-MET-ARSENITE.    Formula,  Cu(C2H302)3.3Cu(A802). 

This  compound  is  manufactured,  under  the  name  of  Schweinfurth^  Imperial^ 
or  Mitis  Greeny  by  acting  upon  cupric  adetate  with  ar^enious  acid  ;  also  by- 
heating  ammonio-cupric  sulphate,  first  with  acetic,  and  then  arsenious  acid. 

Extensively  used  by  painters  and  others,  it  has  been  treated  of  more  appro- 
priately under  Arsenic  {which  see), 

ALUMINIUM  ACETATE.    Formula,  AI26C2H3O3.    Molecular  Weight,  409. 

Is  extensively  used  in  dyeing,  and  is  obtained  by  precipitating  aluminium 
sulphate,  or  ordinary  alum,  with  plumbic  acetate.  Also  made  by  dissolving 
aluminium  hydrate  in  acetic  acid.  The  first  process  is  more  generally 
employed,  the  reaction  being  : — 

3Pb2C2H303  +  Al23S04  =  AI26C2H3O2  +  sPbSO^. 

The  solution  decomposes  by  evaporation.  The  presence  of  potassium  or 
ammonium  sulphate  (contained  in  the  alum)  does  not  interfere  with  the 
reaction,  nor  in  any  way  reduce  the  value  of  tlie  resulting  aluminium  acetate. 

FERRIC  ACETATE  (Syns.  I^ed  Acetate  of  Iron,  Tri-AcetcUe  of  Iron), 
Formula,  FegBCaHjOa.    Molecular  Weight,  466. 

Is  produced  when  any  soluble  acetate,  in  neutral  solution,  is  added  to 
ferric  chloride  which  has  been  shaken  with  pure  moist  ferric  oxide  (or  with  a 
slight  excess  of  an  alkali),  and  filtered.  It  is  an  uncrystallizable  red  solid, 
decomposed  by  boiling  with  water,  ferric  hydrate  being  precipitated. 

The  solution  thus  obtained  does  not  possess  the  characteristic  properties  ot 
ferric  salts,  but  gives  a  brown  precipitate  (instead  of  blue)  with  potassium 
ferrocyanide.  It  fails  to  produce  any  red  colour  with  potassium  sulphocyanide ; 
but  the  whole  of  the  iron  separates  in  the  presence  of  a  little  sulphate  or 

phosphate.  ,..„.,         .  ^     . 

It  is  soluble  in  alcohol,  and  the  solution  is  official  as  tinctura  fern  acetatis, 

which  is  prepared  by  mixing  together  spirituous  solutions  of  ferric  sulphate  and 
potassium  acetate  : — 

FegsSO^+eKQHsOa  =  FegeCgHsOa  +  sKaSO^. 
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TKis  reaction  could  only  lake  place  satisfactorily  in  the  presence  of  spirit, 
''^ca^se  potassium  sulphate,  being  insoluble  in  that  menstruum,  can  be  filtered 
The  tincture  is  very  apt  to  spoil  by  keeping,  depositing  a  basic  acetate, 
and  forming  acetic  ether.  This  may  be  altered  by  the  addition  of  s  per  cent. 
free  acetic  acid. 

KiTTKBIC  ACETATE  (Svns.  Phmhi  Acctas.     Saccharmi  Salurni.     Sugar  of  J 
Lt.id).    Formula,  Pb2CjH30j,3H.;0,    Molecular  Weight,  325. 

Is  officially  produced  by  dissolving  plumbic  oxide  in  dilute  acetic  acid, 
«eping  the  latter  in  encess  :— 

PbO  +  aHCjHsOj  -  PbsCaHaOj  +  HjO. 
The  solution  is  cr)'stallized,  taking  care  that  the  faint  but  distinct  acid 
teaaion  is  kept  up,  and  the  crystals  are  dried  without  heat. 

Plumbic  acetate  is  found  in  white  crystalline  masses,  slightly  efflorescent, 
having  an  acetous  odour  and  a  sweet  astringent  taste.  Its  solution  in  water 
lecbiy  reddens  litmus,  and  it  also  dissolves  readily  in  alcohol. 

{,FeT  analysis,  ue  Author' i  Anilytlcal  Chmnlitey, /ujf  107.) 

,  On  the  laige  scale  wood  vinegar  is  used  in  the  place  of  acetic  acid,  and, 

l^tead  of  oxide,  the  metal  is  frequently  employed.     In  this  case  the  neutral- 

'«JiOn  of  the  acid  by  the  lead  occupies  some  time,  as  the  atfinity  of  the 

™'C»I  of  the  acid  for  hydrogen  is  not  suRicienity  inferior  to  its  affinity  for  lead, 

2^^hle  the  latter  to  expel  and  replace  it     But  the  lead  absorbs  oxygen 

*''''  the  air  in  the  presence  of  an  acid,  and  then  transfers  it  to  the  hydrogen 

™  roai  acid,  itself  combining  with  the  acid  radical  set  free,  and  plumbic 

■ceiate  results.     The  process  is  practically  carried  out  by  placing  plates  of 

™!l  in  open  vessels  containing  vinegar.    The  plates  are  placed  endways  ;  and 

"""g  of  such  a  length  that  half  may  be  immersed  in  the  liquid  and  half  may 

?'»nd  above,   day  by  day  these  are  reversed,  the  end  which  was  immersed 

'"  'Jie  vinegar  one  duy  being  exposed  to  the  air  the  next.     This  is  continued 

'^.'j'  the  whole  of  the  plates  are  dissolved,  and  there  is  no  longer  any  free 

e'      ^^en  this  point  is  obtained,  the  liquid  is  evaporated  and  crystallized, 

Solmion  of  plumbic  acetate  is  precipitated  slightly  on  exposure  to  the  air, 

,  *  *osorbing  carbonic  anhydride ;  but  the  acetic  acid  set  free  prevents  any 

iW         "ction.     When  heated,  it    leaves  metajlic  lead,  which,  if  not  fused, 

.''"Oies  on  being  exposed  to  the  air.     No  effect  is  produced  by  the  addition 

*fnmonium  hydrate  to  a  cold  solution  of  plumbic  acetate;  and  it  gives  no 

P  ^ipilatc  with  mucilage  of  acacia  (distinction  from  the  oxyacetate). 

^^1«BIC  OXY-ACETATE  (Svns.  Sub-Accfate  of  Lead,     Saturnine  Extracl. 

Ocularis  Extract.      Plumbi  Sub-Acelas).      Formula,  (PbjO)2C3%0i. 

Holecnlar  Weight,  548. 

-*l>Js compound  has  not  a  perfectly  definite  composition,  sometimes  con- 

sohl***?  rather  more  plumbic  oxide  than  that  represented  in  the  formula,  and 

jj^etimes  rather  less.     It  is  official  in  the  form  of  a  solution,  produced  by 


^\ 


^'^K  it  ounces  of  plumbic  oxide  with  5  ounces  of  plumbic  acetate  and  i 
results  ;— 


**^  o[  water,  when  the  following  a 

PbO  +  PbzCjHjOa  =  (PbjO)iCjHj;Oi. 
L-iquor  plumbi  sub-acetatis  is  a  dense,  clear,  colourless  liquid,  with  alkaline 
^faction  and  sweet  astringent  taste,  becoming  turbid  by  exposure  to  the  air  ; 
^^  forming  with  mucilage  of  gum  arabic  an  opaque  white  jelly. 
{Faraiialyiii,  set  AMha/s  An»ljtie»l  Chniil>ttj,/i^-x  1 
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The  solution,  mixed  with  an  equal  bulk  of  alcohol  and  sufficient  water  to 
make  eighty  times  the  original  volume,  is  liquor  plumbi  sulhacetaHsdilutus^  B.P. 
The  alcohol  is  added  with  the  idea  of  preservation ;  but  the  quantity  is  too 
small  to  be  of  use,  and  even  if  increased  would  act  as  little  as  a  preserva- 
tive. Plumbic  oxy-acetate  is  insoluble  in  alcohol,  consequently  the  addition 
of  any  considerable,  amount  to  an  aqueous  solution  would  effect  its  precipita- 
tion. By  evaporating  a  solution,  with  the  exclusion  of  the  air,  the  oxy-acetate 
separates  in  needle-like  crystals.  It  is  used  in  analvsis  for  the  elimination  of 
colouring  and  gummy  matters  from  saccharine  solutions ;  for  the  precipitation 
of  organic  acids  in  the  extraction  of  -alkaloids ;  and  as  a  means  of  isolating 
special  colouring  matters,  with  a  view  to  then-  production  in  a  piu-e  condition. 
In  medicine  its  value  depends  chiefly  upon  its  power  of  coagulating  mucus. 
The  solution,  though  strongly  alkaline  to  litmus  paper,  resembles  most  true 
acetates  in  smelling  distinctly  of  acetic  acid. 


HYDROGEN  PROPIONATE  (Syn.  Propionic  Acid),    Pormida,  JLZ^^%. 

Is  usually  prepared  as  potassium  propionate  by  boiling  ethyl  cyanide 
ijfropiomtril)  with  potassium  hydrate.  Prom  this  salt  the  acid  may  be  obtained 
by  distillation  with  syrupy  phosphoric  acid.  Propionic  acid  is  a  colourless 
liquid,  soluble  in  water,  having  a  specific  gravity  of  "992,  and  boiling  at  284°  F. 
Most  of  the  propionates  are  soluble  in  water. 


HYDROGEN  BUTTRATE  (Syn.  Butyric  Acid).    Formnla,  KC^H^C^. 

This  acid  is  derived  by  oxidation  from  the  butyl  hydrate,  and  is  contained 
in  butter  and  in  cod  liver  oil  (oleum  morrhua,  B.P.).  It  is,  however,  usually 
prepared  from  sugar  or  starch,  by  fermentation  with  cheese  in  the  presence  of 
calcium  carbonate  for  a  month  or  two,  and  afterwards  digesting  the  calcium 
butyrate  thus  obtained  with  sulphuric  acid.  It  may  be  produced  in  an  im- 
pure state  from  butter  by  saponification  with  an  alkaline  hydrate,  and  dis- 
tillation with  sulphuric  acid.  It  is  a  clear  colourless  liquid,  burning  with  a 
blue  flame,  and  having  a  mixed  odour  of  vinegar  and  rancid  butter.  In  its 
reaction  it  is  powerfully  acid.  It  is  capable  of  solidification  by  intense  cold, 
and  is  soluble  in  water  and  alcohol  in  all  proportions,  boiling  at  325°  F. 

It  is  detected  in  valerianates  by  a  process  which  owes  its  value  to  the  fact 
that  it  causes  an  immediate  precipitation  of  cupric  butyrate  when  added  to 
cupric  acetate,  whilst  cupric  valerianate  does  not  separate  for  some  time. 

HYDROGEN  VALERIANATE  (Syns.  Valerianic  Acid.  Bydric  Valerianate 
[Delphinic  or  Phocinic  Acid]).  Formula,  KCgHgO^.  Molecular 
Weight,  102. 

Is  found  in  nature  in  valerian  root,  and  in  many  plants  of  the  natural  order 
Composita ;  also  in  various  secretions  and  products  of  animals.  When  re- 
quired in  a  pure  state,  it  is  usually  procured  by  distilling  sodium  valerianate 
with  sulphuric  acid. 

Valerianic  acid  is  an  unpleasant  smelling,  colourless,  acidulous,  oily  liquid, 
soluble  in  alcohol,  strong  acetic  acid,  and  ether.  It  dissolves  in  water  to  the 
extent  of  about  three  and  a  half  per  cent.  Boiling  point,  347°  F. ;  specific 
gravity,  '9368  at  60°  F.  Like  all  acids  derived  from  alcohols  of  the  methyl 
series,  it  is  a  monad,  and  forms  the  salts  known  as  valerianates. 

{For  detection  of  Valerianates,  see  Author's  Analytical  Chemistry,  page  75.) 


SODIUif,  ZINC,  CUPRTC,  VALERIANATES. 


SODIDU  VALERI&KATE  (SvN.  Soda    Valerianas).    Formola,  HftC(H,Oy 
Kolecular  Weight,  134. 

Is  prepared  by  distilling  fusel  oil  with  a  mixture  of  potassiam  dichiomatc 
and  sulphuric  acid,  neutralizing  the  distillate  with  sodium  hydrate,  evaporating    ' 
to  dryness,  and  fusing  the  residue  al  a  gentle  heat. 

In  rhis  process  the  folloiving  reactions  occur  : — 

I.  TTie  potossitim  dichromale  and  sulphuric  acid  yield  nascent  oxygen  : — 
2KjCr,0,  +  8HsS0^  =  aKjSO,  +  aCrasSO.  +  sOj  +  8H,0. 

3.  This  oxygen  converts  the  amyl  hydrate  into  a  mixture  of  valerianic  add 
and  amyl  valerianate  : — 

3CsH„HO  +  jO;  -  HC.HgOj  +  CjHuCjHjOg  +  jH^O. 

3,  The  disiill.-ile  thus  obtained,  on  neutralizing  with  sodium  hydrate,  pro- 
duces sodium  valerianate  and  re-forms  some  amyl  hydrate  :— 

HCjHgOj-^CiHiiCsHgOj  +  aNaHO  -^  aNaC^HgO,  +  CjHuHO  +  H,0. 

Commercial  sodium  valerianate  is  met  with  in  dry  while  masses  without 
alkaline  reaction,  entirely  soluble  in  rectified  spirit,  and  giving  out  a  powerful    1 
odour  of  valerian  on  the  addition  of  diluted  sulphuric  acid. 

{Foraaalym,  ta  Aulhnr'!  kMlj^tlC^taAStrjifagt  loS.) 

It  is  very  deliquescent,  but  can  be  obtained  in  crystalline  masses  by  tbo  J 
^K>ntaneous  evaporation  of  a  solution  in  dry  air,  at  90°  F.  The  fusing  point  1 
of  the  anhydrous  salt  is  284°  F.  I 

This  salt  affords  the  best  means  of  procuring  the  other  valerianates,  sa  J 
almost  all  of  Ihem  can  be  precipitated  or  crystallized  out  by  evaporation,  after  I 
the  addition  of  a  soluble  salt  of  the  required  metal,  to  sodium  valerianate.  I 

Argentic,  mercuric,  and  ferric  valerianates  can  be  precipitated  by  mixing  I 
strong  solutions  of  mercuric  or  ferric  chloride,  or  argentic  nitrate,  with  a'  1 
utumicd  solution  of  sodium  valerianate, 

EtHC  VALERIANATE  (Syn.  Zina  VaUrianas).    Pormula,  Zn2CjHgO,. 
Molecular  Weight,  267. 

Is  produced  by  mixing  together  solutions  of  zinc  sulphate  and  sodium  J 
valerianate,  and  crystallising.     The  reaction  is  : — 

ZnS04+  aNaCjHgOg  =  ZoiCiH,0,+  Na,SO,. 

Sodium  sulphate,  being  moresoluble  than  the  zinc  valerianate,  remains  in  1 
the  motbcr  liquor. 

The  prodtii:t  is  in  brilliant  white  pearly  tabular  crystals,  with  a  perceptible 
odour  of  valerianic  acid,  and  a  metallic  taste  ;  scarcely  soluble  in  cold  water 
or  in  ether,  solvible  in  hot  water  .%nd  alcohol. 

It  is  soluble  in  ether,  and  may  be  produced  by  Uie  solution  of  the  metal  in 
valenaiuc  acid. 

{Fer  analyiii,  m  Authin'i  Aiuljtlod  Cll«nl*tiy,  pagr  loS.) 

OUPBIC  VALERIANATE  (Svn.  Cupri  VixUrianoi).  Pormtaa.  Cu3C,H,0.. 
Kolecnlar  Weight,  265-S. 
Is  the  oily  iireti|)it3ie  formed  in  testing  zinc  valerianate  for  butyric  acid. 
It  forms  a  solid  hjdrate  if  left  in  contact  with  water  for  a  short  time.  Though 
insoluble  in  acetic  acid,  it  is  dissolved  by  pure  water  and  alcohol.  Tne 
eqoation  would  appear  to  be  : — 

CuaCiHjOa  +  aHCjH.O,  --  CuiC,H,0,  +  aHC,H,0,. 
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BISMTJTHOUS   VALESXAKATE  (Syn.  Valerianate  of  Bismuth). 
Formnla,  Bi3C5H903. 

Has  been  occasionally  used  in  medicine.  It  is  produced  by  mixing  sodium 
valerianate  and  bismuthous  nitrate  in  strong  solutions.  The  precipitate  must 
only  be  washed  slightly,  as,  being  soluble  in  water  to  some  extent,  it  would 
dissolve  if  not  carefully  treated. 

^TDBOGEK  CAPSOATE  (Syn.  Caproic  Acid).    Fonniila,  BJifi^i%. 

Exists  as  a  glyceride  in  cocoa-nut  oil  and  in  butter,  from  which  it  may  be 
obtained  by  saponification  with  soda,  and  distilling  the  soap  with  tartaric  or 
dilute  sulphuric  acid.  It  may  al30  be  obtained  from  amyl  cyanide  {capronitril) 
and  potassium  hydrate.  It  is  an  oily  liquid  with  a  pungent  odour,  boiling  at 
400"*  F. 

HTDBOGEN  (ENANTHTLATE  (Syn.  CEnanthylic  Acul).  Fonnula,  H-CyHijOs. 

May  be  obtained  by  the  oxidation  of  castor  oil  with  nitric  acid,  or  by  one 
of  the  general  processes.  It  is  a  colourless  oil  with  a  fishy  odour,  boiling  at 
455°  F.,  and  insoluble  in  water. 

HTDBOGEN  CAPBTLATE  (Syn.  Caprylic  Acid).    Formula,  KCgH^gOs. 

Exists  like  caproic  acid  as  a  glyceride  in  butter  and  cocoa-nut  oil,  and  may 
be  similarly  prepared.  The  mixed  acids  having  been  neutralized  with  barium 
hydrate,  are  submitted  to  fractional  crystallization,  when  the  barium  caprylate 
crystallizes  out  fir§t     Below  50**  F.  it  is  a  solid  fat 

HYDBOOEN  PELABOONATE   (Syns.   PelargonU  Acid.     (Enanthic  Acid). 
Formula,  H.C9H17O3. 

Exists  ready  formed  in  geranium  leaves,  and  is  obtained  by  the  action  of 
nitric  acid  on  oil  of  rue.  Its  ethyl  salt  is  commonly  known  as  oenanthic  ether, 
or  essence  of  cognuc,  being  used  to  give  flavour  to  British  brandy  and  artificial 
wines.  This  ether  is  prepared  by  dissolving  pelargonic  acid  in  strong  alcohol, 
and  passing  hydrochloric  acid  gas  through  the  solution,  and  is  also  obtained 
from  wine  lees  by  distillation. 

HTDBOGEN  BUTATE  (Syns.  RuticAcid  CapricAcid).  Formula,  H-CxoH^gOj. 

Exists  as  a  glyceride  in  butter  and  cocoa-nut  oil,  and  also  in  the  fusel  oil  of 
Scotch  whisky.     It  is  a  solid,-  melting  at  about  85®  F. 

HYDBOGEN  LAUBATE  (Syn.  Laurie  Acid).     Formula,  YU^^^^^, 

Exists  as  a  glyceride  in  the  fat  of  bay  berries. 

HTDBOGEN  MTBISTATE  (Syn.  Myristic  Acid).    Formula,  H.C14H37O2. 

Occurs  as  a  glyceride  in  oleum  myristicce  expressum^  which  is  known  as 
myristin,  C^^^^^B^O^  and  from  which  the  acid  may  be  obtained  by 
saponification. 

HTDBOGEN  PALMITATE  (Syn.  Palmitic  Acid).    Formnla,  H-CigHs^Og. 

Is  derived  by  oxidation  from  cetyl  hydrate,  and  is  practically  produced  by 
heating  the  residual  potassium  palmitate  left  in  the  retort  afrer  the  manufac- 
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ture  of  cetyl  hydrate,  with  sulphuric  acid.  It  is  an  odourless,  tasteless,  while 
solid,  melting  at  144°  F,  As  the  above  process  is  too  expensive  for  practical 
use.  the  customary  mode  of  isolation  is  to  boi!  palm  oil  with  alcohol  so  as  lo 
extiaci  the  more  fluid  portions,  and  afterwards  to  treat  the  insoluble  portion 
with  sodium  hydrate.  The  soap  thus  produced  must  be  heated  with  dilute 
hydrochloric  acid.  Another  method  of  great  interest,  both  practically  and 
theoretically,  is  to  fuse  oleic  acid  with  a  saturated  solution  of  sodium  hydrate. 
By  this  means  sodium  acetate  and  palmitate  are  conjointly  formed.  Palmitic 
add  is  taken  up  readily  by  ether,  slighdy  by  alcohol,  and  not  at  all  by  water. 


HTDEOGEN  STEAKATE  (Svn.  Stearic  Acid).    Form^lh^  H.CigHjjOa. 

This  acid,  which  exists  in  the  majority  of  solid  fatty  bodies,  is  best  pre- 
pared by  the  saponitication  of  vegetable  tallow  with  potassium  hydrate,  evapo- 
raiing  10  dryness,  and  treating  the  residue  several  times  in  succession  with 
HTOngalcohol,  The  dry  potassium  siearate,  when  decomposed  with  dilute 
sulphuric  acid,  yields  stearic  acid  and  potassium  chloride. 

Thas  prepared,  stearic  acid  is  a  solid,  white,  fatty  substance.  Its  melting 
point  is  156°  F.,  the  point  of  solidification  150"  F.  Many  fatty  acids,  falty 
'"Its,  and  other  bodies  exhibit  this  curious  discrepancy,  seeming  to  require  a 
strong  internal  force  to  reduce  the  molecules  to  their  original  state  of  aggrega- 
Iwn.  A  careful  distinction  must  be  made  between  stearin  and  sUarini.  The 
fomier  contains  glyceryl,  and  is  a  salt ;  the  latter  is  the  commercial  name  for 
impure  stearic  acid,  containing  some  palmitic  acid,  obtained  by  the  action  of 
'"'phuric  acid  upon  palm  oil,  which  fuses  at  140°  F.  and  commences  to 
*^dify  at  131°  F.  Stearic  acid  and  stearates  exhibit  less  readiness  of  fusion  - 
"••n  Other  similar  substances. 

Sometimes  soaps  are  prepared  from  the  fatty  acids,  and  sometimes  from 
"le  fats  themselves,  The  "white  curd  soap"  of  commerce  is  tolerably  pure 
*'*f^'tini  siearate,  being  prepared  chiefly  from  tallow  (which  contains  little  oleic 
^^tl),  by  saponification  with  caustic  soda,  and  then  adding  salt,  which  causes 
"•e  soap  10  float  on  the  top  of  the  liquid,  so  that  it  can  be  skimmed  off. 

Sttfo  animalU  is  a  soap  having  a  white  or  very  light  greyish  tint;  dry; 
"early  inodorous  ;  horny  and  pulverizable  when  kept  in  dry  warm  air.  Easily 
moulded  when  heated.  Soluble  in  rectified  spirit.  Soluble  also  in  hot  water, 
r^^  solution  being  neutral  or  only  slightly  alkaline  to  test-paper.  It  does  not 
"Opart  a  greasy  slain  to  paper. 

J,  *  his  soap  may  with  advantage  be  substituted  for  the  hard  soap  made  with 
"''Ve  oil  in  preparing  the  Unimentum  pntasdi  iodidi  cum  saponi. 

^^or  drtectUm  of  Stearic  Acid  and  Slearalcs.  sa  Author's  Aaslyticm  Chemistry,  pugt  75.) 

**AcaiDIC  ACID.    Pormola,  -S-S^^^Ji^ 

-^**iai3  as  a  glyceride  in  ground-nut  oil,  and  may  be  obtained  by  the  saponi- 
"*^tlon  of  that  (at.     It  is  a  solid  fatty  acid,  melting  at  167°  F. 

^HOtlC  ACID.     Formula,  RC^Hj^O,. 

■'tists  in  beeswax  as  ceryl  cerotate,  or  certn  (which  see).    It  melts  at  172°  F. 

:SSIC  ACID.     Formula,  H-CsaHiaOj. 

similar  to  cerolic  .tcid 
•*»ber  of  the  fatty  series. 


1 
I 


*«Usi 


t^     -   similar  to  cerolic  .tcid,  but  melts  at    193°  F.,  and  is  the  highest  known 
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II.    ACIDS    OF   THE    SERIES    C^U^.fi^. 

This  series  commences  with  acrylic  acid,  H-CsH^Og,  but  the  only  member 
interesting  to  us,  is, — 

HYDBOGEN  OLEATE   (Syn.  Oleic  Add).   Formula,  KCigHsgOs. 

Is  separated  by  pressure  from  the  fatty  cake  which  distils  over  in  the  pre- 
paration of  stearic  acid  and  glycerin.  Oleates  of  the  monad  metals  dissolve 
in  alcohol,  but  those  of  the  metals  of  higher  atomicity  do  not  It  is  obtained 
in  a  pure  state  by  the  saponification  of  almond  (or  olive)  oil  with  alcoholic 
potassium  hydrate ;  precipitation  of  the  nearly  neutralized  solution  with  plum- 
bic acetate,  drying  the  insoluble  lead  soap  thus  obtained,  and  digesrion  in 
ether.  Pure  plumbic  oleate  dissolves,  leaving  the  other  lead  salts  insoluble. 
This  oleate,  after  careful  decantation,  is  mixed  with  hydrochloric  acid,  filtered, 
and  water  added.  The  oleic  acid  is  precipitated,  and  the  ether  and  water 
may  be  removed  by  evaporation. 

Pure  oleic  acid  is  white  and  solid,  below  57°  F.,  when  crystallized  from 
alcohol.  When,  however,  it  is  in  the  liquid  state,  it  does  not  solidify  above 
39°  F.  Has  a  neutral  reaction,  is  tasteless  and  odourless,  and  is  capable  of 
being  distilled  in  vacuo  without  decomposition.  Bile,  which  is  alkalme,  dis- 
solves it,  and  forms  a  soap  with  a  strongly  acid  reaction.  It  dissolves  in 
ether,  and  in  cold  concentrated  sulphuric  acid,  without  alteration ;  but  is  not 
soluble  in  water.  It  takes  up  solid  fatty  acids  and  salts,  forming  a  mixture 
having  more  or  less  nearly  the  consistence  of  the  predominant  ingredient 
When  in  the  liquid  state,  it  absorbs  oxygen  to  a  greater  or  less  extent  accord- 
ing to  the  temperature.  Elaidic  add  is  an  isomer  produced  by  the  action  of 
nitrous  acid,  and  is  formed  during  the  manufacture  of  ungumtum  hydrargyri 
niiratiSy  B.P.  Oleates  contain  a  monad  radical,  but  they  can  combine  with 
an  excess  of  oleic  acid  to  form  acid  pseuao-salts.  The  latter  are  all  liquid, 
and  do  not  dissolve  in  water.  The  neutral  sajts  dissolve  in  ether  and  abso- 
lute* alcohol,  without  the  application  ot  heat  Thus,  if  a  solution  of  a  fat  be 
made  in  either  of  these  when  ho*-,  the  stearates  and  palmitates  crystallize 
out  on  cooling ;  the  oleates  remaining  in  solution.  The  oleates  of  the  alkaloids 
and  of  metals  (the  latter  salts  being  generally  capable  of  being  made  by  action 
upon  the  oxide  or  hydrate  with  oleic  acid)  are  soluble  in  the  natural  oleates. 

(For  detection  of  Oleic  Acid  and  Oleates^  see  Author's  Analytical  Chemistry, /a^^  75.) 

ADOEONIUM  OLEATE  (Syns.  Oleate  of  Ammonia,   Linimentum  Ammonta). 
Formula,  ^JLjy^^L^% 

Is  the  chief  constituent  of  linimentum  ammonice^  B.P.j  made  by  shaking 
together  i  part  by  measure  of  liquor  ammonia  and  3  parts  of  olive  oil. 
When  anhydrous  it  is  transparent  and  gelatinous. 

SODIUM  OLEATE    (Syns.  Sapo  Durus.    Oleate  of  Soda.    Oil  Soap), 
Formula,  NaC^gHssOj. 

Is  prepared  in  an  impure  form  as  hard  soap  by  boiling  together  sodium 
hydrate  and  oil  with  a  small  quantity  of  water,  until  saponified.  To  this 
solution  sodium  chloride  is  then  added,  which  causes  the  soap  to  separate 
and  float  to  the  surface,  when  it  is  skimmed  off,  pressed,  and  moulded.  The 
B.P.  states  that  sapo  durus  should  be  greyish-white,  dry,  inodorous ;  homy  and 


SODWAf.  POTASSW.M,  CALCWM,  PLUMBIC  OLEATES.       a«H 

pulvcriuble  when  kept  in  dry  warm  air ;  easily  moulded  when  heated.  Solti- 
ble  in  waicr  and  also  in  rectiiied  spirit,  not  imparting  an  oily  stain  to  paper. 
Incinerated,  it  yields  an  ash  which  does  not  ddiqiiesce. 

A  solution  of  sodium  oleale  in  rectified  spirit  constitutes  B.P.  /iniinaUiaa 
safanii,  which  is  directed  to  be  made  at  a  temperature  not  exceeding  70°  ^H 
This  instruction  is  necessary,  because  at  higher  temperatures  the  paimitaiefl 
and  stearates  contained  in  llie  "  hard  soap"  dissolve  also;  and  the  solulioflfl 
after  standing  some  time  at  the  lemperxture  of  air,  especially  in  cold  weath«^| 
deposits  these  bodies,  thus  causing  the  solution  10  geiatinixc.  The  so-calle^| 
transjiarent  glycerine  soap,  is  sodium  soap  which  has  been  dissolved  in  spirilfl 

POTASSIUM   OLEATE   (Svns.  Saps  Mollis.    Olcati  of  Potash.    OUk  Potath  1 
Soap).     Formula,  KC,aH„0,.  J 

Is  obtained  in  the  pure  condition  by  substituting  potassium  for  sodiuOM 
hydrate  in  the  preparation  of  the  last-mentioned  soap.  It  may  be  made  iifl 
an  impure  state  by  the  action  of  potassium  hydrate  on  olive  oil.  This  is  tba 
B.P.  process.  ^ 

Soft  soap  is  very  deliquescent  and  soluble  in  water.  A  solution  of  25  p^M 
cent  strength  (the  strongest  procurable)  forms  a  very  thick  liquid.  yicldinoB 
OR  dilution,  a  gelatinous  solid,  which,  when  dissolved  in  alcohol,  exhibits  qfl 
acid  reaction.  V 

Sodium  soap  may  be  precipitated  from  a  solution  by  the  addition  of  sodium 
chloride,  while  potassium  soap  cannot ;  and  soft  soap,  therefore,  always  con- 
tains glycerin.     Both  sodium  and  potassium  oleaCes  may  be  obtained  free  from 
glycerin  by  digesting  well  washed  lead  plaster  with  a  strong  sohition  of  sodium  m 
or  potassium  carbonate  on  a  water  bath.  J 

CAICIUII  OLEATE    (Svns.   Oleate  of  JJme.    Limmenlum  Caldi).  I 

Formula,  Ca2C,gH^0j.  M 

Is  [irodaced  by  the  addition  of  any  oleate,  soluble  in  water,  to  a  salt  nl 

calcium,  such  as  calcium  chloride  or  hydrate  : —  'I 

iKCigHjgOj  +  CaaHO  -  CaaCigHsjO,  +  sKHO.  M 

It  is  insoluble  in  water,  but  soluble  in  weak  hot  alcohol.  fl 

The  B.P.  calcium  soap,  linimentum  (aids,  is  made  with  olive  oil  and  soItt4 

tion  of  calcium  hydrate,  and  consequently  contains  glycerin  and  a  large  cxceal 

of  oil.     In  fact,  the  amount  of  calcium  hydrate  contained  in  the  prescribed  1 

iftuntity  of  liquor  colds  is  only  i^  grains,  and  that  being  added  to  2  ouncct  J 

uf  olive  oil,  forms  a  Hniment  containing  considerably  less  than    i  per  cent,  of  J 

true  calcium  oleate.  J 

PLUMBIC  OLEATE  (Syn.  C/«i/<-(/Zrtrrf),    Formula,  Pb2CisBjjO,.  I 
Is  produced,  in  an  impure  stale,  by  the  action  of  plumbic  oxide  oa  olive  \ 
oil  in  the  presence  of  hot  water.     The  reaction  is  somewhat  as  follows  : — 
3(C»H,3C,8HMOj)  +  3PbO  +  3HjO   =    3Pb*C,8H„0,   +   aCjHsjHO. 

(Glyceryl  Trioieaic.)                               (FIumLic  Okate.J     (Glycerjl  Hydrate,  \ 

or  Glycerin.) 

The  B.P.  directs:—  J 

Take  of  J 

Oxide  of  Lead,  in  6ne  powder 4  pounds.  J 

Olive  Oil    .                                     1  gallon.  ■ 

Water 3i  pints.  I 


tf 
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Boil  all  the  ingredients  together  gently  by  the  heat  of  a  sieani  bath.  ^ 
keep  ihem  simmering  for  four  or  five  hours,  stirring  constantly  until 
product  acquires  a  proper  consistence  for  a  plaster,  and  adding  more  w^ 
during  the  process  if  necessary. 

The  plumbic  oleate  thus  prepared  is  liable  to  contain  stearate.  Hencft 
estimation,  and  for  the  purpose  of  procuring  a  pure  sample,  it  must  be  cj 
fully  dried  until  absolutely  free  from  moisture,  digested  with  boiling  si» 
drous  ether,  and  the  solution  filtered  whilst  hot  Plumbic  oleate  crj-siail  a 
out  on  cooling,  and  if  it  be  rtcrystallized  until  a  while  powder  is  oblaina 
this  melts  to  a  yellow  liquid  when  healed  to  about  i8o^  F.  It  is  solitblsf 
"'  of  turpentine,  and  by  exposure  to  the  air  when  fused  becomes  gcUtinci 


III.    DIATOMIC    ACIDS. 


The  diatomic  alcohols  possess  the  power  of  forming  two  acids  by  success 
si^es  of  oxidation.  For  cx.iniple,  it  was  found  that  glycol  could  form  Ix 
glycoUic  and  o.xalic  acids,  the  former  monobasic  and  the  latter  bibasic 
tqualwns,  fiige  231).  Of  the  monobasic  series,  commencing  with  glycc 
acid,  we  have  only  one  member  of  interest,  vi/.  :  lactic  acid ;  but  of 
bibasic  series,  commencing  with  oxalic  acid,  we  have  several  which  req« 
close  study. 


f  off 

witl 


HYDROGEN  LACTATE  (Svn.  Lactic  Acid).     Formula,  HC;,H,03. 

Is  obtained  from  many  carbon  compounds  when  subjected  to  the  acc 
of  a  suitable  ferment,  and  also  exists  in  sour  milk,  from  which  ii  " 

formed,  and  to  which  it  owes  its  name.  Many  animal  secretions  contair" 
notably  the  gastric  juice.  It  is  formed  before  butyric  acid  in  the  fermentaC 
of  a  mixture  of  a  solution  of  glucose  (produced  from  cane  or  ordinary  si 
by  heating  for  a  short  time  with  tartaric  acid),  calcium  carbonate  (chaa 
and  milk,  with  cheese  which  is  in  an  advanced  state  of  decomposition,  at  i 
to  95°  F.  The  time  required  for  the  conversion  is  about  a  week,  and 
best  proportions  are  74  of  sugar,  12  of  calcium  carbonate,  i  of  cheese, ; 
100  of  water.  After  some  days  a  thick  crystalline  paste  is  produced. 
process  should  be  continued  until  the  mass  begins  to  thin  slightly,  owi 
the  transformation  of  a  little  calcium  lactate  into  calcium  butyrate,  whicK 
more  soluble  in  water.  A  small  quantity  of  water  and  calcium  oxide  is  tl — 
added,  and  the  whole  is  boiled  for  an  hour,  strained,  and  evaporated.  T- 
crystals,  which  separate  after  three  or  four  days,  are  washed  with  a  very  litf 
cold  water,  and  dissolved  in  hot  water,  and  decomposed  by  sulphuric  ac^ 
cautiously  avoiding  excess.  This  conversion  of  sugar  into  lactic  add  is  caltf 
the  lactic feniientation,  and  takes  place  spontaneously  in  milk.  Working  w  " 
ordinary  sugar  no  gain  or  loss  in  weight  takes  place,  but  with  milk  sugar  t^ 
if  water  are  assimilated  thus  : — 

CijHjjOii  +  HsO  =  4HC3HjOa. 

Lactic  acid  is  a  clear,  odourless  liquid,  having  somewhat  the  appearai 
of  glycerin.     It  is  a  strong  acid,  liberating  hydrogen  when  brought  in  ct 
with  line  or  magnesium,  and  forming  lactates  of  those  metals  ;  distils 
heated  with  partial  decomposition  ;  and  is  soluble  in  alcohol,  ether,  and 

On  account  of  its  normal  presence  in  the  healthy  stomach,  it  is  adminislei 
either  alone  or  in  combination  with  the  digestive  ferment  pepsin,  in 
where  an  insufficiency  is  suspected.     lactic  acid,  having  an  affinity  for 
absorbs  atmospheric  moisture,  and  does  not  solidify  when  reduced  in 


LACTIC  ACID.— LACTATES.  sM 

peruiure  lu  45°  F.  When  heated  with  an  excess  of  strong  sulphuric  actg^| 
pure  carbonoua  oxide  (to  the  extent  of  more  than  30  per  cent,  of  the  l-u:d^| 
acid  talcen)  is  evolved.  A  variety  of  lactic  acid,  contained  in  muscular  tissu^H 
hns  been  termed  from  its  derivation  sarco  tactic  acid.  By  heating  to  370°  ^S 
290"  F.  for  some  hours,  it  yields  the  ordinary  acid  on  solution  in  water.  Thtl 
general  method  for  the  preparation  of  lactates  is  the  solution  of  the  metal  w  I 
carbonate  in  the  acid.  In  some  instances  double  decomposition  of  sodiuma 
or  ammonium  lactate  by  a  soluble  salt  of  the  metal  is  Uie  better  proces|^| 
lactic  acid,  which  is  a  monad,  can  only  in  theory  form  neutral  salts  ;  tnijH 
owing  to  [he  affinity  of  lactates  for  an  excess  of  lactic  acid,  compounds  cajj 
be  formed  which  are  not  truly  acid  salts,  but  are  similar  to  tlie  so-callefM 
potassium  diacetate,  KCaHaO^HaHsOi.  1 

The  only  general  properties  of  importance  in  lactates  are  the  slight  degree  A 
in  which  they  dissolve  in  cold  water,  their  spontaneous  separation  from  Iheir^ 
solutions  when  exposed  to  the  air  at  ordinary  temperatures,  and  the  insoluj 
bility  of  all  (except  hydrogen  lactate)  in  ether.  fl 

{FarJiUetioH  of  Loftit  Aiid  and  Lait/iM,  lec  Autkot'i  Ank^rtlul  ChBmiib7,/i<i;^76.)    ^| 

ABGENTIC  LACTATE  {%\^.  Lactate  of  SUver-).  Pomnla,  AgCaH^O,.  I 
This  sah  is  made  by  the  solution  of  argentic  carbonate  in  boiling  lactliH 
acid.  U'hea  a  sotittion  of  this  salt  is  boiled  for  some  hours,  a  dark  lloeculenil 
preci|>itate  separates,  and  the  liquid  after  subsidence  has  a  blue  colour.  Tbel 
acid  to  be  used  should  be  pure,  and  may  be  obtained  from  any  lactate  by  the  I 
addition  of  a  quantity  of  st^phuric  acid  not  sufficient  to  completely  dccompowJ 
it,  shaking  with  ether,  filtering,  and  evaporating.  H 

ZIKC  LACTATE  (SvN.  lactate  of  Zinc).  Formula,  ZnaCjH^O,.  V 

Is  occasionally  used  in  medicine,  and,  for  that  purpose,  may  be  preparedfl 

in  a  pure  condition  by  dissolving  zinc  carbotiale  in  the  acid  : —  I 

ZnCOg  +  iHCjHsOs  =  ZnsCjHsOj  +  COj  +  H^O.  J 

MSECUROUS  LACTATE  (%\\i%.  Sub-Laclaleof  Mercury.  Lactate  of  if ereury)^k 
Formula,  Ugj2CjHjOj.  ■ 

When  solutions  of  potassium  or  sodium  lactate  and  mercurous  nitrate,  idyl 
boiling  water,  are  mixed,  crystals  of  a  splendid  crimson  or  pink  hue  are.l 
deposited  on  cooling,  which  form  the  above-named  salt.  It  is  of  no  practical  J 
importance,  except  as  a  confirmatory  test  if  a  considerable  quantity  of  pm»M 
Uctic  acid  can  be  isolated,  as  described  under  Argentic  Lactate.  il 

FERB0U8  LACTATE  (Svn.  Prolo-Ladale  of  Iron).  Formula,  Fe2C3H,0,,.        I 

This  salt,  which  results  from  the  solution  of  metallic  iron  in  dilute  lactic  1 
add,  is  sometimes  employed  in  medicine,  especially  on  the  Continent.  Its  I 
cmuls  are  clear,  with  a  faint  green  tint,  and  are  not  readily  oxidizable,  even  1 
when  in  solution.  I 

HYDROGEN  OXALATE  (.S\  n.  Oxalic  Acid).    Formula,  H,C«0,3HA  I 

llolecular  Weight,  136.  I 

Exists  in  nature  as  fotasiium  quairoxalatty  or  salt  of  sorrel,  in  rhubarbr  1 

Jfamcx  Accf'^ia,  and  It.  Aeelostlla,  but  is  usually  prepared  by  the  oxidfttloil  ot  I 

a  carbtdt^drate,  such  as  starch,  sugar,  or  cellulose.  I 
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Oxalic  acid  was  foraierly  made  by  the  decomposition  of  sugar  by  nitric 
acid. ,  I  part  of  sugar  is  heated  gradually  with  7  parts  of  nitric  acid,  B.P.y 
and  I  part  of  water,  to  212°  F.  When  the  action  has  ceased,  the  solution  is 
evaporated  to  the  crystallizing  point.  As  the  crystals  are  liable  to  hold  nitric 
acid  in  mechanical  combination,  it  is  advisable  to  expose  them  to  dry  air, 
upon  which  efflorescence  occurs,  and  a  slight  degree  of  heat  will  drive  off 
most  of  this  impurity.  The  crystals  must  be  redissolved,  and  still  further 
purified  by  recrystallization.  It  is  occasionally  necessary  to  repeat  this  pro- 
cess several  times,  after  each  of  which  it  is  as  well  to  test  the  freedom  of  the 
crystals  from  the  acid  in  question. 

The  sugar  method  is  now  seldom  adopted,  and  the  following  process  is  the 
best  practical  one  at  present  known  : — i  part  of  sawdust,  starch,  or  almost 
any  non-nitrogenous  carbonaceous  matter,  is  mixed  with  a  solution,  in  the 
least  possible  quantity  of  water,  of  2  parts  of  potassium  hydrate  and  i  part  of 
sodium  hydrate.  A  shallow  iron  dish  is  coated  to  a  depth  of  some  inches 
with  the  pasty  mass,  and  then  submitted  to  a  heat  between  240°  and  500°  F., 
being  kept  below  the  latter  temperature  for  two  or  three  homrs.  The  heat  is 
then  lowered  gradually,  five  or  six  hours  elapsing  before  it  comes  down  to 
300°  F. ;  after  which  it  may  be  removed  from  the  source  of  heat,  and  when 
cold  treated  with  a  little  water  at  the  ordinary  temperature.  This  dissolves 
the  excess  of  hydrate,  etc. ;  but  as  the  oxalate  which  is  produced  is  not  very 
soluble,  it  is  not  affected.  The  dry  cake  upon  the  dish  may  contain  30  per 
cent,  of  oxalic  acid.  The  alkaline  oxalate  thus  produced  is  boiled  with 
calcium  hydrate  and  water,  calcium  oxalate  being  precipitated.  The  calcium 
oxalate  is  washed,  decomposed  with  sulphuric  acid,  and  the  clear  solution, 
obtained  by  filtration,  evaporated  nearly  to  the  crystallizing  point,  when,  if 
any  calcium  sulphate  separates,  it  must  be  filtered,  and  the  evaporation  con- 
tinued till  crystals  are  obtained  on  cooling. 

Oxalic  acid  occurs  in  colourless  crystals,  greatly  varying  in  size,  and  having 
the  formula,  H2C2O4.2H2O.  It  is  a  strong  acid,  very  poisonous,  and  readily 
dissolving  in  water  and  alcohol;  and  entirely  dissipated  by  a  heat  below  350  . 

(For  analysis t  see  Author's  Analytical  Cbemistry,  page  108. ) 

The  pure  acid  does  not  stain ;  but  the  samples  occurring  in  commerce 
sometimes  colour  paper  yellow,  through  containing  nitric  acid,  which  can  be 
detected  by  making  a  strong  solution  and  adding  to  it  a  crystal  of  ferrous 
sulphate,  when  a  brown  or  purple  coloration  shows  the  presence  of  nitric  acid, 
foiling  a  few  crystals  with  an  extremely  dilute  solution  of  indigo  sulphate 
will  also  serve  as  a  test,  nitric  acid  discharging  the  colour. 

Water,  at  the  ordinary  heat  of  60°  F.,  dissolves  12*5  per  cent,  of  oxalic 
acid  ;  alcohol,  under  the  same  circumstances,  takes  up  25  per  cent. ;  and  in 
boiling  water  it  is  soluble  to  the  extent  of  100  per  cent  Contamination  with 
nitric  acid  greatly  increases  the  readiness  and  extent  of  its  solubility. 

After  its  water  of  crystallization  has  been  expelled  at  212°  F.,  oxalic  acid 
can  be  sublimed  at  320°  F.  in  crystals  which  are  anhydrous ;  but  more  or  less 
decomposition  invariably  takes  place.  It  is  not  oxidized  by  strong  nitric 
acid,  except  upon  long  boiling. 

A  property  of  oxalic  acid  which  is  found  valuable  in  analysis,  is  its  rapid 
and  perfect  oxidation  when  treated  with  manganic  dioxide  or  potassium  per- 
manganate and  sulphuric  acid.  It  is  also  readily  oxidized  by  chlorine  when 
moist  or  in  solution.  It  constitutes  a  test  for  gold,  in  consequence  of  its 
power  of  precipitating  that  metal  from  auric  chloride. 

Oxalic  acid  decomposes  chlorides  like  sulphuric  acid  ;  and,  when  added  to 
cupric  sulphate  in  solution,  displaces  the  sulphuric  acid,  which  enters  into 
solution,  cupric  oxalate  being  thrown  down. 


OXALIC  ACID,— OXALATES. 

Oxalic  add  behaves  as  a  dyad,  and  forms  neutral  and  acid  salts,  tennedl 
nalatn,  having  the  following  characteristics  in  common.  J 

'•  Those  of  the  alkalies  are  soluble  in  water,  the  neutral  salts,  however,  1 
more  readily  than  the  acid  salts.  The  others  dissolve  in  dilute  mineral  acids,  1 
lut  Doi  in  acetic  acid.  1 

2-  All  oxalates  yield  carbonous  oxide  by  heat.  Those  whose  carbonates  are  | 
Msity  decomposed  by  that  force,  leave  oxides,  and  evolve  carbonic  anhydride 
ss  well  as  carbonous  oxide  ;  whilst  those  whose  carbonates  are  tolerably 
"il'le,  such  as  potassium  and  sodium,  and  in  some  cases  (when  the  heal  is 
aot  above  dull  redness)  calcium,  barium,  and  strontium,  leave  the  metal  as 
carbonate. 

3-  Oxalates,  in  which  the  metal  is  one  which  is  readily  reduced,  give  off  \ 
cubonic  anhydride  only,  thus  : — 

AgjCsO*  =  Afe  +  aCOj. 

The  plumbic  oxalate  is  pccvdiar,  giving,  when  heated  in  a  dosed  vessel, 
piumbous  oxide  (PbjO). 

4^   Heated  with  sulphuric  acid,  they  give,  without  exception,    carbonous  I 
"Jlide    and  carbonic   anhydride,  a  sulphate   remaining,  and  no    blackening 
Uking  place. 

\For  Jaslion  af  Oialic  Atid  and  Oialal/i,  sit  Autboc'i  Analytiul  Chemlstrj,  /ofr  76.) 


■**M:omUM:  oxalate  (Svns.  AmmonU  Oxalate.     Oxalate  of  Ammonia). 
Formula,  (SH,)jCjO(.jHjO. 

.  ^*    produced  by  neutralizing  oxalic  acid  with  ammonium  carbonate,  the 
•"t'er  being  added  until  the  solution  does  not  affect  neutral  litmus  paper ; — 

aHjCjOi  +  N^HkQOs  =  2(NHJaC^0,  +  3CO3  +  sHjO. 

*  Crystallizes  in  long  colourless  rhombic  prisms,  soluble  in  cold  water  but 
^^^«  more  soluble  in  boiling  water.  When  dried  at  ara"  F.  and  healed,  it  gives 
""aicr  and  yields  a  sublimate  of  oxaraide.     {See  Amides.) 

{Far  analyiii,  see  Author's  Analytical  Cheinutrr,/.i^v  108.) 

-    "I^is  substance  is  of  importance  as  a  reagent  in  analysis,  being  employed 
^^  tlie  detection  of  calcium.      It  is  fonned  spontaneously  in  solutions  of 
^^***ogen,  by  the  combination  of  that  body  with  water,  thus  : — 
C2N3  +  4H,0  =  (NHjJaCjO,. 

_^b«n  distilled  with  phosphoric  anhydride,  ammonium  oxalate  gives  up 
*"aO,  and  forms  cyanogen  among  other  products. 

"^^QlOirrUM    HYDROGEN     OXALATE    (SvN.     Bmvxalate  of  Ammonia). 
Formula,  NH,Ha.O,-H^O. 

'^  'ess  soluble  that  the  normal  oxalate,  and  when  heated  to  450'  F.  gives 
^  '^  molecule  of  water  and  yields  oxamlc  acid.     (See  Amides.) 

^'^HTM  oxalate  (Svns.  Oxalate  of  Soda,    Soilie  Oxalate). 
Formula,  Ha^CsO^. 
J  ?Soli3  from  the  crude  ingredients  used  in  the  manufacture  of  the  acid, 
"s  not  otherwise  interesting. 
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POTASSIUM  DIOXALATE  (Syns.   BlnoxcUate  of  Potash.    Salt  of  Sorrel). 
Formula,  KEC3O4.2H2O. 

Is  obtained  in  Switzerland  by  treating  the  juice  of  the  plants  mentioned 
under  oxalic  acid,  and  also  of  some  members  of  the  species  Oxaiis,  with 
albuminous  matter,  or  clay,  for  the  purpose  of  removing  the  colouring  and 
similar  matters,  and  then  evaporating  the  clarified  solution  until  the  potassium 
dioxalate  separates  out  on  cooling.  A  mixture  of  this,  or  the  following  salt, 
with  citric  acid,  is  employed  to  remove  ink-stains  from  linen,  under  the 
designation  of  salts  of  Union.  From  the  power  it  possesses  of  dissolving 
metallic  oxides,  it  is  commonly  used  to  polish  copper,  brass,  etc. 

POTASSIUM    aUADE-OXALATE     (Svns.     Salt    of   Sorrel.      Potassium 
•   Tetr-Oxalate).     Formula,  EHC3O4.H2C3O42H2O. 

Is  sometimes  met  with  under  the  title  of  "  salt  of  sorrel,"  so  that  it  is 
probable  that  some  plants  owe  their  acid  taste  to  this  salt  as  well  as  to  that 
just  described.  It  may  be  substituted  for  the  dioxalate  for  all  practical  pur- 
poses.    It  is  about  twice  as  soluble  in  cold  water  as  the  preceding  salt. 

CALCIUM  OXALATE  (Syns.  Calcic  Oxalate.     Oxalate  of  Lime). 
Formula,  CaC^O^. 

Is  contained  as  raphides  in  rhubarb  and  other  plants,  and  is  extensively 
produced  in  lichens  growing  on  various  kinds  of  limestones.  It  is  the  form 
in  which  both  oxalic  acid  and  calcium  are  precipitated  for  estimation,  and  is 
frequently  met  with  as  an  urinary  deposit,  constituting  the  so-called  mulberry 
calculus. 


CERIUM  OXALATE   (Syns.  Cerous  Oxalate.     Cerii  Oxalas). 
Formula,  CeC^O^.dHjO. 

This  salt  results  from  the  addition  of  ammonium  oxalate  to  a  soluble  salt 
of  cerium.     The  reaction  is  :  — 

CeClg  +  (NHJgCaO^  =  CeCjO^  +  2NH^C1. 

The  B.P.  describes  it  to  be  a  white  granular  powder,  insoluble  in  water, 
decomposed  at  a  dull  red  heat  into  reddish-brown  eerie  oxide,  CcgOa. 
The  production  of  this  salt  is  one  of  the  leading  tests  for  cerium. 

(Seg  separation  of  Cerium  and  Iron  in  Author's  Analytical  Chemistry,  page  38 ;  for 
analysis  and  impurities  of  Cerium  Oxalate^  see  ibid.^  page  108.) 

PLUMBIC  OXALATE  (Syn.  Oxalate  of  Lead).    Formula,  PbC^O^. 

Is  produced  on  adding  any  soluble  oxalate  to  plumbic  acetate,  the  reaction 
being  (if  we  take  ammonium  oxalate) : — 

(NHj2C204  +  Pb2CoH802  =  PbC204+2(NHJC2H302. 

The  most  curious  property  of  plumbic  oxalate,  is  that  of  its  leaving  plum- 
bous  oxide  when  heated  ;  thus : — 

2PbC304  =  PbgO  +  3CO2  +  CO. 

Plumbic  oxalate  dissolves  in  boiling  ammonium  chloride,  and -in  cold  nitric 
acid,  though  not  in  acetic  acid. 


SUCCINTC  ACfD.—SUCCINATES. 

HTDE06EN  SUCCINATE  (Svns-    Succinic  Acid.     Volatile  Salt  pf  AmH 
[obsolete]).    Formula,  HjCjH^O^. 

Exists  in  amber,  in  several  kinds  of  turpentine,  and  a  few  plants  official  in 
ibe  B.P. ;  such  as  Artemisia  Sanlonica,  Artemisia  Absinthium,  Lacfuca  virosa. 

Succinic  acid  is  frequently  prepared  either  from  butyric  acid  by  the  oxidiz- 
ing action  of  nitric  acid,  or  from  malic  or  tartaric  acids  by  the  degxidizinj 
effect  of  hydriodic  acid.     With  malic  acid  the  reaction  is  : — 

HjC,HjOs  +  2HI  =  HjC^H^O^  +  Ij  +  HjO. 
(MaUc  Acid.) 

With  tartaric  acid,  more  hydriodic  acid  must  be  employed ;  thus, — 

HiC4H,0„  +  4HI  =  HjC«H^04  +  2l3  +  2HaO. 

(TorUric  Acid.) 

Boih  of  these  actions  may  be  reversed  by  suitable  means,  succinii 
being  thus  made  to  produce  malic  and  even  tartaric  acid,  ._ 

Saccinic  acid  may  be  produced,  in  an  impure  stale,  from  amber,  by  dry 

.  'i'stJllation,  acetic  acid  also  passing  over  simultaneously,  and,  during  the 
whole  of  the  distillation,  volatile  oil  of  amber.  This  oil  is  analogous  to  that 
*>btained  on  applying  a  similar  process  to  other  resins.  The  presence  of  acetic 
*cid  is  caused  by  decomposition.  If  the  watery  distillate  of  mixed  acids, 
T'^'ch  is  never  free  from  oily  matter,  be  heated  to  txt"  F,,  and  immediately 
pltered,  impure  succinic  acid  separates  in  crystals  as  the  temperature  becomes 
ioi»fef_  A  large  amount  of  impure  succinic  acid  likewise  crystallizes  out  on  the 
''Celt  of  the  retort  whilst  the  dry  distillation  is  in  progress.  By  treating  these  i 
JiO'Stals  with  nitric  acid  until  they  are  free  from  odour,  and  recrjstallizin^  j 
*"e  pvire  acid  is  obtained. 

Succinic  add  is  a  white  crystalline  solid,  differing  from  lactic  acid  in  being 

?"*»Ost  insoluble  in  ether,  and  only  oxidized  with  difficulty.     It  is  not  charred 
5^.  healing  with  strong  sulphuric  acid.     It  is  a  dyad  acid,  forming  neutral  and 

r^'*J  salts.     Like  neutral  lactates,  oxalates,  and  acetates,  these  can  combine  _ 
**^     a  molecule  of  acid  to  form  salts  analogous  to  potassium  quadr-oxalate, 
■^^^  i^tdiBn  of  SuiciiiU  Acid  and  StKitKala,  la  Authai'i  Anjilytic*]  CbemJftij,/flfi  76.}3 

■^^*tl»IONIUII  SUCCINATE  (SvN.  Sumnale  of  Ammonia). 
Formula,  (NH,)XiHi04, 

^.*^oraicd  by  saturating  succinic  acid  with  ammonium  hydrate,  and  crystal-"' 
~'*^g.     It  is  sometimes  employed  as  a  means  of  precipitating  iron  for  esli-  ' 

Q_^^^ion,  ferric  succinate  being,  unlike  most  ferric  salts,  granular,  and  therefore  J 

^*^**    te  readily  freed  from  foreign  matters  by  washing, 

"^^RIC  SUCCINATE  (Svn.  Succinate  of  Iron).     Formula,  Fe„3C.H^0t. 

»^  -^D  insoluble  chocolate-coloured  salt,  produced  by  the  action  of  the  last- 
<~^  **ied  salt  on  ferric  chloride.  When  digested  with  ammonium  hydrate, 
■^^?"*^c  hydrate  is  obtained.  The  resulting  solution  of  ammonium  succinate, 
^^  ^^n  heated  and  hydrochloric  acid  added  in  excess,  does  not  yield  crystals 
^.^  Cooling,  This  is  a  very  useful  distinction  between  ferric  benzoate  and  J 
■^^•^itMtc ;  the  former,  when  similarly  treated,  forms  abundant  crystals  of  the-j 
'  slightly  soluble  benzoic  acid. 
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IV.    TRIATOMIC  AND  BIBASIC  ACIDS. 

May  be  viewed  as  being  formed  from  the  Oxalic  series  by  the  substitution 
of  HO  for  H. 

HYDROGEN  HALATE  (Syn.  MaUc  Acid).    Formula,  K^^H^Og. 

Is  derived  from  an  alcohol  of  very  little  importance,  and  is  contained  in 
most  fruits  employed  for  domestic  purposes.  Unripe  apples,  mountain  ash 
berries,  and  rhubarb  stalks,  are  the  sources  more  frequently  resorted  to  for  its 
preparation.  The  juice  of  either  of  these,  preferably  the  second,  is  expressed, 
heated  to  boiling,  and  calcium  carbonate  is  added  till  effervescence  ceases ; 
the  liquid  when  cold  is  filtered ;  plumbic  nitrate  being  added,  the  liquid  is 
allowed  to  stand  until  plumbic  malate  becomes  crystalline.  The  crystals  are 
dissolved  after  a  few  washings  with  cold  water,  and  sulphuretted  hydrogen 
passed  until  the  liquid  smells  strongly.  .Warm  gently,  filter,  boil  the  filtrate 
till  free  from  unpleasant  odour,  and  evaporate  on  a  water  bath.  The  s)rrupy 
product  yields  crystals  by  spontaneous  evaporation  at  about  ioo°  F. 

Malic  acid  is  a  colourless,  inodorous,  deliquescent,  crystalline  acid,  very 
soluble  in  water  and  alcohol. 

Only  two  classes  of  maiates  can  be  formed,  of  which  the  neutral  is  least 
stable.  Calcium  malate  is  soluble  in  water,  but  not  in  alcohol^  even  if  dilute. 
Long  boiling  causes  its  separation  from  a  strong  slightly  acid  solution. 

Strong  sulphuric  acid  when  heated  with  a  pure  malate  causes  charring  very 
slowly,  though  it  does  so  rapidly  with  tartaric  acid.  Plumbic  malate  under- 
goes slight  solution  in  dilute  acetic  and  nitric  acids,  being  changed  from  the 
powder  form  in  which  it  is  first  precipitated  to  small  needle-like  crystals. 
This  fact  shows  that  the  crystals  are  not  soluble  in  dilute  acids  though  the 
amorphous  form  is.  Plumbic  malate  in  the  amorphous  variety  fuses  in  boil- 
ing water. 


V.    TRIATOMIC  AND  TRIBASIC  ACIDS. 

ACONITIC  ACID.    Formula,  HsCeH^Og. 

This  acid  exists  in  Aconitum  Napellus,  and  is  also  produced  by  heating 
citric  acid  till  it  fuses  and  commences  to  discolour,  when  it  gives  up  water 
thus : — 

Aconitic  acid  is  very  soluble  in  water,  alcohol,  and  ether. 

HTDROQEN  HECONATE  (Svn.  Hecouic  Acid).    Formula,  HsCyHO^. 

May  be  prepared  from  opium  by  neutralizing  a  strong  solution  (obtained  by 
treatment  with  water  at  ioo°  F.)  with  calcium  carbonate,  and  after  reducing  to 
a  small  bulk  on  a  water  bath,  introducing  a  saturated  solution  of  calcium  chloride 
until  no  more  precipitate  is  formed.  The  insoluble  matter  is  calcium  di- 
hydrogen  meconate,  and  must  be  washed  and  pressed  to  free  it  from  solid 
matters.  The  precipitate  is  then  treated  with  a  little  hydrochloric  acid  and 
boiling  water,  when  it  dissolves,  and  deposits  crystals  on  cooling.  Then,  if 
the  crystals  be  redissolved  in  hot  water,  and  excess  of  hydrochloric  acid  added, 
meconic  add  falls  as  the  liquid  cools,  being  only  slighdy  soluble  in  water 
J/ 


containing  hydrochloric  acid.     The  crystals,  whicJi  are  coloured  brown,  niMj 
be  rendered  colourless  by  heating  with  two  parts  of  water,  and  adding  anf 
monium  hydrate,  the  temperature  being  raised  until  perfect  solutinn  ensufli 
On  cooling,  the  liquid  becomes  a  solid  mass.     The  dark    liquid    must  1 
entirely  pressed  out  of  the  crystals,  and  then  these-  are  made  to  undergo  sever  _ 
successive  rccr^-stallizations  from  a  saturated  solution  in  hot  water.     Add 
wards,  on  introducing  an    excess  of  hydrochloric  acid  into  a  hot  solution 
the  meconic  add  is  obtained  in  colourless  plates  on  cooling.    The  crystdfl 
contain  3  molecules  of  water  of  crysIalliTfltion,  which,  when  driven  off  b^ 
healing  to  212°  F.,  leave  the  acid  as  &  white  pulverulent  mass,  soluble,  life 
(he  crystallized  forni,  in  water,  alcohol,  and  ether,  and  having  a  decidedly  acia 
reaction.     It  communicates  a  red  coloration  to  a  solution  of  ferric  chloride  01 
carefully  neutralizing  the  mixed  solutions.     This  colour  is  neither  discharged 
br  mercuric  chloride  (distinction  from  thiocyanates)  nor  by  very  dilute  hydro 
chloric  acid  (distinction  from  acetates).     Meconic  acid  forms  three  classes  0, 
meronates  with  monad   metals, ^tri-,  di-,   and   mono-  metallic.      The  lalt^ 
exhibit  an  acid,  the  former  exhibit  a  neutral,  reaction  with  litmus. 

The  hydrogen-meconates  of  these  metals  are  but  slightly  soluble,  and  fori 
very  small  crystals.  They  may  be  produced  by  the  neutralization  of  the  «' 
wilh  a  carbonate  or  hydrate.  This  is  the  mode  of  preparing  the  mooo-hydi_ 
gen  salts.  The  di-hydrogen  salts  may  be  produced  by  adding  a  portion  ( 
acid,  equal  to  the  6rst  used,  to  the  mono-hydrogen  meconales. 

or  ammonium,  sodium,  and  potassiiun  meconates,  the  first  has  not  been 
prepared,  the  other  two  hive.  The  second  (sodium)  is  cry  stall  izable,  and  the 
lA&t  uncrj-s  tall  izable. 


VI.     TETRATOMIC  ACIDS. 

Arederivedfromtetratomic  alcohols  by  the  substitution  of  i,: 
of  O  for  a  corresponding  number  of  moUcults  of  H. 

HTDBOOEN  TABTRATE    (.Svns.    rartaric    Acid.     Addum    Tartarimn^ 

Eisentia!  Oil  </  Tartar   [obsolete]).     Formula,  HjC^H.Ou. 

Holecnlar  Weight,  160. 

Exists  in  many  vegetable  productions,  but  is  usually  procured  from  jiotaa 

siura  hydrogen-tart  rate  which  is  deposited  from  grape-juice  during  rcrmcnii 

tion.     It  is  found  in  the  free  state  in  tamarinds  and  very  acid  fruits ;  it  is  eve 

a  consiilucni,  though  to  an  extremely  small  extent,  of  potatoes. 

The  usual  process  for  the  formation  of  tartaric  acid  is  by  treating  potaasiu 
hydrogen- tartrate  (cream  of  tarWr)  with  calcium  carbonate  (in  the  form  ( 
chalk  or  whiting)  and  boiling  water  ;  adding  the  carbonate  until  effcrvescene( 
ceases.  The  solution  is  then  mixed  with  calcium  chloride  until  no  more  prv 
cipitale  is  formed ;  and  the  whole  having  been  allowed  to  settle,  the  precipi 
Ule  is  washed  hy  decantation  with  cold  water  till  the  washings  are  tasiclen 
The  prect|)iL!ited  calcium  tartrate  is  then  transferred  to  a  basin  and  boiled 
with  dilute  sulphuric  acid  for  half  an  hour,  which  forms  free  tartaric  acid  am' 
calcium  sulphate.  The  bulk  of  the  latter  body  having  been  separated  by 
filtration,  the  solution  is  evn|iorated  to  a  density  of  t-ai,  and  cooled,  when  tbc 
remainder  of  the  calcium  sulphate  separates  out,  and  the  clear  liquid  is  then 
crjntallizcd.     The  reactions  arc  : — 

I.  aKHC,H,0,  +  CaCO,  =  KjC,H,0(  +  CaC«H,0,  +  CO,  +  H,0. 

».  K,C,HjO,  +  Caa,  -  CaC,H«0,t-aKa. 

3.  aCaC4H,0a +  28^04  =  iH,C»H,Oe+ iCaSO,. 
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Tartaric  acid  is  met  with  in  colourless  crystals,  the  primary  form  of  which 
is  the  oblique  rhombic  prism.  It  is  freely  soluble  in  water  and  in  dilute 
spirit,  insoluble  in  ether,  but  soluble  in  absolute  alcohol  The  crystals  fuse 
at  340°  F.,  forming  meso-XBxiznc  acid.  At  374°  F.  it  gives  up  H3O  and 
becomes  tartaric  anhydride,  CgHgO^o ;  and  at  401°  F.  it  gives  off  COg  and 
leaves /dfrtf-tartaric  acid. 

(For  analysis,  see  Author's  AnalytieAl  Chemiitry,  page  109.) 

The  B.P.  solution  of  tartaric  acid,  which  serves  as  a  test  for  potassium 
acetate,  bromide,  and  iodide,  is  made  by  dissolving  i  part  of  tartaric  acid  in 
8  parts  of  water  and  2  parts  of  rectified  spirit.  The  spirit  is  added  as  a 
preservative,  the  watery  solution  decomposing  on  being  kept 

Tartaric  acid  exists  in  four  forms  4 — 

1.  Dextro-tartaric^  or  true  tartaric  acid.  This  is  more  soluble  in  alcohol 
than  the  other  varieties,  and  the  crystals  are  anhydrous. 

2.  Lccvo-tartaric  add.  The  crystals  of  this  are  also  anhydrous,  but  it 
rotates  the  plane  of  polarization  of  light  to  the  left,  the  fomier  acid  turning 
it  to  the  right 

3.  Racemic  acid,  or  para-tartaric  acid,  exists,  together  with  the  ordinary 
acid,  in  certain  grapes  cultivated  on  the  borders  of  the  Upper  Rhine.  When 
manufactured  from  these,  the  racemic  acid  may  be  picked  out  from  the  ordi- 
nary acid  by  the  efflorescence  of  its  crystals.  It  may  be  produced  from  the 
ordinary  acid  by  heat,  is  absolutely  without  effect  on  polarized  light,  and  may 
be  separated  by  heat  into  the  former  modifications. 

4.  Mcso-,  or  incLctive,  tartaric  acid  resembles  the  last  named,  but  is  not 
resolvable  into  the  dextro  and  Icevo  forms  by  heat.     It  has  no  action  on  light 

The  ordinary  tartaric  acid  is  sometimes  denominated  dextro-racemic  acid  ; 
and  occasionally  contains  laevo-  and  meso-  tartaric,  and  also  racemic  acids. 
Tartaric  acid  does  not  form  any  precipitate  in  solutions  of  barium,  strontium, 
and  calcium  chlorides,  although  it  does  in  solutions  of  the  hydrates  of  these 
metals.  All  potassium  salts  in  tolerably  strong  solution,  form  a  precipitate  on 
the  addition  in  excess  of  tartaric  acid.  The  precipitation  is  much  accelerated 
by  stirring,  and  by  the  addition  of  a  little  alcohol,  in  which  the  precipitate 
(potassium  hydrogen-tartrate — cream  of  tartar)  is  much  less  soluble  than  in 
water.  Small  quantities  of  tartaric  acid  are  best  detected  by  the  addition  of 
potassium  acetate,  and  not  potassium  hydrate  or  carbonate  ;  because,  if  the 
latter  be  in  excess  (however  slight),  potassium  tartrate  is  formed,  which  is 
freely  soluble  in  water. 

A  trifling  percentage  of  tartaric  in  commercial  citric  acid  may  be  detected 
by  the  addition  of  rectified  spirit  and  potassium  acetate.  If  tartaric  acid  be 
present,  microscopic  white  crystals  will  separate.  This  reaction  is  valuable 
as  a  distinctive  test  for  tartaric  acid  in  case  of  doubt  as  to  whether  a  sample 
be  this  or  citric  acid. 

Tartrates  are  of  three  classes,  viz. :  acid,  neutral,  and  double ;  the  second 
and  third  may  be  formed  both  with  monad  and  dyad  metals  (the  first  with 
monads  only). 

With  metals  which  are  apparently  triad,  but  really  pentad,  tartaric  acid  pro- 
duces salts  in  which  one  atom  of  a  monad  metal,  one  molecule  of  tartaric 
acid,  and  one  molecule  of  oxygen  combine  to  satisfy  the  five  affinities  of  the 
metal.     Examples  are, — 

Of  the  first  group,  /.^.,  acid  tartrates  : — 

KHC,Hp«.  NH^HC^HA. 

(Potassium  Hydrogen-Tartrate.)        (Ammonium  Hydrogen-Tartrate.) 


or  ihe  second,  i.e.,  neutral  tartrates  : — 

KjC.H.Of.  CaC,H(0„. 

(Potassium  Tartrate.)  (Calcium  Tartrate.) 

Of  the  third,  i.e.,  double  tartrates  : — 
t.  Of  two  monad  metals,  neither  being  hydrogen : — 

KNaC.HjO..  KNH,CiH,0«. 

(Potassium  Sodium-Tartratc.)  (Potassium  Ammonium -Tartrate.) 

I.  Of  a  monad  and  dyad  metal  united  ;  — 

K^BaiQH.O,. 
(Potassium  Barium-TarUaie,  or  Bario-Polassium  Tartrate.) 
3.  or  a  monad  metal  and  a  monad  or  triad  radical  derived  from  a  tria<! 
like  metal : — 

K(Sb0)C,H^0,.  Na(SbO)C«H»0,. 

(Poiasdtini  Antimonyl  Tartrate.)  (Sodium  Antimonyl  Tartrate.) 

The  general  characters  of  lartrateB,  are  : — 

I.  Monad  metals  (except  silver)  form  freelysoluble  neutral  tartrates. 

»,  The  acid  salts  of  the  same  metals  are  only  slightly  sokible,  decreasing 
in  readiness  of  solution  in  the  following  order : — 

Sodium,  Ammonium,  Potassium. 

3.  No  tartrates  dissolve  in  alcohol.  As  it  is  a  rule  that  no  body  eon  s 
tu  a  medium  to  cause  a  subslance  disiohied  in  it  to  act  upon  another  which  i 
imtapahU  of  dissolving,  if  the  possible  product  is  also  insoluble,  it  follows  that 
txnaric  acid  dissolved  in  alcohol  does  not  affect  potassium  carbonate,  which 
is  ii«t>lublc  in  that  substance,  because  potassium  hydrogen  tartrate  is  also 
insoluble.  The  tartrates  of  the  metals  which  are  dyad,  triad,  etc.,  a 
soluble  in  water.  Dilute  acids,  such  as  nitric,  hydrochloric,  and  solution  c 
Tartaric  (or  in  very  few  cases  acetic),  will  dissolve  them  with  tolerable  facilit] 
Potassium,  sodium,  or  ammonium  hydrates  render  all  Lvcratcs  soluble,  «" 
the  exception  of  mercuric  tartrate,  wliich  is  insoluble  in  the  three;  ana 
argentic  urirate,  which  is  insoluble  in  tbe  first  and  second. 

(Rt  .innli^n  ami  uf.iratien  ef  Tartaric  Arid  and  Tarlrates.  see  AHtAer's  AatJjIleA 
Clwmitti7./ti^-r77.j 

AUKONIDK  HTDROGEK.TARTRArE  (Sws.  ylcid  Tartrate  pfAmmomun, 
Bitartrate  of  Ammonia).     Formula,  KHjHC^H^Ou. 

Is  a  white  crystalline  substance  resembling  potassium  h)-drogen-tartrale  it 
other  respects  besides  solubility.  It  is  produced  by  adding  a  strong  solutloi 
ofarorooQium  hydr.itelo  tartaric  add,  avoiding  excess.  The  only  bye-produt 
is  vruer,  as  will  be  seen  from  the  equation  1 — 

H,C,H,0(  +  NH4HO  =  NHjHCjH.Oi  +  HgO. 

AXUOFnrK  TARTRATE  (Sra.  Tartrate  of  Ammonia). 
Formula.  (NHjjX.H^Oj. 

This  sah,  which  is  of  little  importance,  results  imxa  the  action  of  !artaril 
arid  upon  ammonium  carbonate  or  hydrate.     A  convenient  method    is 
take  two  equal  portions  of  a  solution  of  ammonium  hydrate  ;  transform  c 
into  the  last-described  salt ;  add  Ihe  other,  agitate,  and  then  evaporate.     7 
ci)'eu1s  which  separate  (after  sufficient  concentration)  on  cooling,  arc  prism 
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which  by  atmospheric  influences  become  converted  into  the  acid  salt,  the 
conversion  being  attended  with  efflorescence. 

SODIUM  HTDBOGEN-TAETRATE  (Syn.  BUartraie  of  Soda). 
Formula,  NaHC^H^Og. 

Prepared  like  ammonium  hydrogen-tartrate,  but  is  much  more  soluble. 
It  is  occasionally  used  instead  of  the  acid  as  a  test  fox  potassium. 

SODIUM  TAETRATE  (Syn.  Tartrate  of  Soda).    Formula,  Uta^C^H^Oe. 

Obtained  by  the  addition  of  sodium  carbonate  to  tartaric  acid  until  a  neutral 
solution  results,  and  evaporating. 

POTASSIUM  HYDBOGEN-TAETRATE  (Syns.  Cream  of  Tartar.  Potassee 
Tartras  Acida,  Acid  Tartrate  of  Potash.  Bitartrate  of  Potash.  Argot). 
Formula,  EHC^H^O^.    Molecular  Weight,  188. 

Exists  in  grape  juice,  and  is  deposited  as  the  fermentation  generates  alcohol, 
in  consequence  of  its  solubility  in  that  substance  being  less  than  in  water.  The 
salt  is  of  a  reddish  colour,,  and  requires  to' be  purified  by  crystallization.  As  it 
dissolves  in  boiling  water  to  the  extent  of  i  in  i8,  and  water  at  60°  F.  does 
not  take  up  more  than  i  in  60,  a  solution  made  at  the  former  temperature 
deposits  a  large  proportion  on  cooling.  The  crystals  (which  are  very  small) 
differ  from  those  of  roost  substances  inasmuch  as  they  float  on  the  mother- 
liquid  (whence  the  name  of  "  cream  of  tartar  ").  The  purified  salt  possesses, 
according  to  the  B.P.^  the  following  characters : — 

A  gritty  white  powder,  or  fi-agments  of  cakes  crystallized  on  one  siuface,  of 
a  pleasant  acid  taste.  Sparingly  soluble  in  water ;  insoluble  in  spirit.  Heated 
in  a  crucible,  it  evolves  inflammable  gas  and  the  odour  of  burnt  sugar ;  and 
leaves  a  black  residue,  consisting  of  potassium  carbonate  mixed  with  finely- 
divided  carbon. 

{For  analysis  and  impurities^  see  Author's  Analytical  Chemistry, /^(f  109.) 

It  is  readily  dissolved  by  potassium  hydrate  and  by  nitric,  hydrochloric, 
and  sulphuric  acids,  if  not  dilute.  In  the  former  case  potassium  tartrate 
is  produced;  in  the  latter,  tartaric  acid.  Mixed  with  potassium  nitrate  in 
equal  quantity,  and  the  mixture  thrown  into  a  red-hot  crucible,  deflagration 
occurs,  and  a  white  flux  is  formed,  which  when  fused  with  many  substances 
reduces  them  to  a  state  in  which  they  can  be  readily  dissolved  in  acids.  If, 
however,  only  half  the  weight  of  potassium  nitrate  be  mixed  with  the  tartrate, 
and  the  mixture  heated,  black  flux  results,  which  is  employed  for  the  purpose 
of  reducing  the  metal  from  metallic  salts,  the  finely-divided  carbon  immediately 
removing  the  oxygen  contained  in  them,  and  the  potassium  carbonate  also 
present  combining  with  such  radicals  as  chlorine  or  sulphur.  Cream  of  tartar 
is  also  used  in  dyeing,  and  is  an  excellent  addition  to  such  dentifrices  as  are 
intended  to  produce  whiteness  of  the  teeth. 

Ordinary  cream  of  tartar  always  contains  calcium  tartrate,  and  has  been 
said  to  be  sometimes  adulterated  by  barium  sulphate. 

POTASSIUM    TAETRATE   (Syns.    PotasstB    Tartras.     Potassic  Tartrate). 
Formula,  Eg^^^A- 
This  salt  results  from  the  neutralization   of  potassium   hydrogen-tartrate 
by  potassium  carbonate,  the  reaction  being  : — 

«KHC4Hp«  +  K^COa  =  2Y^Z^j:y^  +  CO3  +  HjO. 


TARTRATES. 

The  addition  of  calcium  carbonate  in  the  preparation  of  tartaric  acid  also 
causes  its  formation,  and  if  the  liquid  be  tillered,  the  clear  solution  upon  evapo- 
ration  yields  potassium  tartrate  in  small  colourless  four-  or  six-  sided  prismatit 
crystals. 

It  dissolves  to  the  amount  of  154  parts  in  100  parts  of  water  at  60* 
the  solution  becoming  almost  solid  upon  the  careful  addition  of  acetic  aci 
Four  parts  dissolve  in  one  part  of  boiling  water. 

(Fir  analysis,  sa  Author's  Aiuljticid  CbemlstT?, /.^  109.) 

POTASSIUM  SODIUM  TAETRATE  {Syss.  Rech^l/f  Salt.    Sod,i  Tartan 
Soda  Petassio  Tarlras.     Scl  de  Seigntltf).     Formula,  EKaC(E,On. " 

May  be  produced  by  the  substitution  of  sodium  carbonate  for  the  potassii 
carbonate  required  in  the  preparation  of  the  salt  last  described.  On  evapoi 
tion,  large  crystals  of  the  potassium  sodium  tartrate  are  obtained. 

The  reaction  b  as  follows  ; — 

jKHCtHPe  +  NajCOj  =  sKNaC^H.O,  +  COj  +  HjO. 
The  composition  of  the  crystals  is  KNaCjH40j.4HjO,  and  they  arc  cigiit>V 
sided  right-rhombic  prisms,  efBorescent  in  dry  air.    When  heated,  they  mdC  I 
to  their  water  of  crystallization ;  but  ss.  the  temperature  increases,  the  mas^^ 
boils,  and  is  rendered  quite  anhydrous  at  430°  F.,  the  residue,  when  cold, 
being  a  thick,  transparent,  deliquescent  mass,  which,  when  further  heated, 
chars,  and  leaves  a  mixture   of  carbon    and   potassium  sodium  carbonate, 
KNaCOg. 

Water  dissolves  about  66  per  cent,  of  the  crystalliied  salt  at  60°  F. ;  but  at 
aia"  F.  it  Likes  op  five  times  its  weighL 

It  is  used  to  prevent  the  precipitation  of  cupric  salts  by  the  addition  of  I 
potassium  hydrate  in  excess ;  a  solution  thus  obtained  being  employed  for  d  ' 
detection  and  estimation  of  glucose  under  the  name  olJvMing's  it^ution. 
{Far  analyiis,  sa  Amhor's  AnmljifcilCbiBtlrtrT./ivf  109-) 

CALCIUM  TARTBATHE  {Svn.   Tartrate  ef  Lime).    Fonnola,  CaC.HjOa. 

Is  formed  by  the  addition  of  calcium  chloride  to  a  soluble  neutral  tartrate 
It  exists  in  combination  with  potassium  hydrc^en-tartralc  in  crude  argol.  I 
is  also  produced  by  the  addition  of  solution  of  tartaric  acid  to  calcium  hydratd 
It  dissolves  readily  in  potassium  hydrate,  potassium  hydrogen  tartrate,  accti^ 
and  the  stronger  acids ;  also  in  ammonium  chloride.  Unlike  calcium  citratq 
which  is  more  soluble  in  cold  than  in  boiling  water,  it  Is  dissolved  most  reailil 
by  the  latter.  ^Vl^en  a  solution  containing  calcium  tartrate  dissolved  i 
pQta.-aium  hydrate  is  boiled,  a  precipitate  separates,  which,  however,  redissolvcs 
on  cooling. 


CUPRIC  TAETRATE  (Svn.  Tartrate  4  Cefptr).    FormnU,  CuC^H^O 

Is  an  almost  insoluble  crystalline  powder,  obtained  by  adding  a  ncuUalJ 
solution  of  a  tartrate  to  cupric  sulphate.  It  is  not  dissolved  by  tartaric  acid 
but  is  soluble  in  potassium  hydrate  and  nitric  acid  The  insolubility  of  thi 
salt  in  water  has  been  taken  advantage  of  to  separate  citric  from  tartaric  aciiE 
The  mixed  solution,  made  quite  neutral  by  sodium  hydrate,  is  boiled  for  som 
time  with  a  very  little  ammonium  chloride  and  excess  of  calcium  chloride,  ant_ 
the  precipilatcd  calcium  citrate  and  tartrate  filtered  ouL  The  fiUralc  is  the| 
aUowcd  to  stand  for  twelve  hours,  onc«  more  filtered  through  the  ssme  61tei 
and  the  precipiUle  washed.     It  is  then  treated  with  a  little  cold  potastin 
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hydrate,  which  will  dissolve  the  most  of  the  calcium  tartrate,  and  the  precipi- 
tate again  separated  by  filtration  and  washed.  Afterwards  it  is  digested  in  a 
hot  solution  oi  perfectly  neutral  cupric  chloride,  when  the  whole  of  the  citrate 
will  dissolve,  and  any  insoluble  matter  will  be  tartrate. 

FEBBIC    POTASSIUM    TABTBATE  (Syns.  Ferrum  Tartaratum,    Fatassio 
Tartrate  of  Iron). 

Is  produced  by  the  action  of  potassium  hydrogen-tartrate  on  the  ferric 
hydrate  obtained  on  adding  the  liquor  ferri  persulphaiis  to  a  solution  of 
ammonium  hydrate.  The  product  is  not  thoroughly  definite  in  composition ; 
but  the  following  are  probably  the  reactions  involved : — 

1.  FeasSO^  +  6NH4HO  =  Fe36HO  +  aCNHJjSO^. 

2.  eKJtiCfifi^  +  FejdHO  =  KgFegdQH^Og  +  6Hj,0. 

The  solution  is  evaporated  and  scaled  at  a  temperature  not  exceeding  too°  F. 
Thus  prepared,  it  is  in  thin  transparent  scales  of  a  deep  garnet  colour,  slightly 
sweetish  and  astringent  in  taste,  soluble  in  water,  and  sparingly  soluble  in 
spirit. 

When  heated  to  300®  F.  it  decomposes,  evolving  water  and  carbonic  anhy- 
dride, leaving  potassium  carbonate,  ferric  oxide,  and  charcoal.  If  in  solution, 
it  begins  to  decompose  at  about  150®  F.,  a  basic  ferric  salt  being  deposited. 
When  boiled  with  potassium  hydrate  it  yields  a  precipitate  of  ferric  hydrate, 
leaving  potassium  tartrate  in  solution. 

(For  analysis^  see  Author's  AnalytlGal  Cliexniiti7,/a^  ill.) 

PLUMBIC  TABTBATE  (Syn.  Tartrate  of  Lead).    Formula,  PbC^H^O^. 

Is  produced  by  the  addition  of  tartaric  acid  or  a  tartrate  to  a  solution  of 
plumbic  acetate  or  nitrate.  It  is  dissolved  with  ease  by  nitric  and  tartaric 
acids  ;  and  when  heated  in  a  vessel  which  is  closed  whilst  hot,  it  will  take  fire 
if  poured  out  upon  paper  or  other  inflammable  substance  after  it  has  cooled, 
forming  2l  pyrophorus. 

ANTIMONIOUS  and  ANTIMONIC  TABTBATES.  Formnls,  S^^JSLJi^ 
and  SbsSC^H^Og. 

Are  produced  by  the  solution  of  the  corresponding  oxide  in  tartaric  acid, 
and  the  addition  of  alcohol,  in  which  they  are  insoluble. 

POTASSIUM  ANTIMONYL  TABTBATE  (Syns.  Tartar  Emetic.  Atitimonium 
Tartaratum,  Antimonii  Potassio  Tartras.  Stibiated  Tartar.  Tarire 
Stibie).    Formula,  2(KSb0C4H^0«).H20. 

This  well-known  and  valuable  salt  is  the  product  of  the  action  of  potassiiim 
hydrogen-tartrate  upon  antimonions  oxide,  the  mixture  being  sJlowed  to 
stand  twenty-four  hours  for  the  entire  conversion  of  the  oxide  to  take  place. 
The  following  represents  the  reactions  which  occur  : — 

2KHq4.H40g  +  SbgOg  =  2KSbOC4H^O«  +  HgO. 

Tartar  emetic  crystallizes  in  small  rhombic  octahedrons,  which  when  dis- 
solved in  water  and  treated  with  a  few  drops  of  mineral  acid  are  decomposed, 
depositing  a  mixture  of  potassium  hydrogen-tartrate  and  a  basic  salt  of  anti- 
mony, soluble  in  excess  of  hydrochloric  acid.    Mixed  with  an  alkaline  hydrate, 


TARTAR  EMETIC-  CITRIC  ACID. 

ancimonious  oxide  is  deposited,  soluble  in  excess.     Heated  on  charcoal, 
globule  of  antimony  is  left,  surrounded  by  an  incrustation  of  oxide. 
(For  analyiii.itt  Juthtr'i  katijtijalCtM^atrj,  pagi  tto.) 

The  B.P.  gives  one  molecule  of  water  to  one  molecule  of  the  salt,  thus: 
KSbOCjH^Og.HjO  ;  but  other  aulliorities  only  allow  the  same  amount  of 
water  to  two  molecules  of  the  tartar  emttU,  and  as  this  has  been  shown  to 
be  correct,  it  is  the  best  formula  to  adopt.  Cold  water  dissolves  about  7  per 
cent,  of  potassium  aatimonyl  tartrate ;  boiling  water  taking  up  53  per 

Its  reaction  is  acid  ;  and  the  introduction  of  alcohol  causes  a  immediate  pre- 
cipitation. A  solution  in  aheny,  in  which  it  is  not  very  soluble,  is  the  ofSdalj 
vinum  aiUimoniale. 

The  previous  addition  of  a  small  quantity  of  boiling  distilled  water  woulj 
be  desirable,  and  is  a  practice  frequently  adopted. 

An  ointment  prepared  from  tartar  emetic  is  employed  in  skin  diseases. 


4 


HYDEOOEM    CITRATE     (Syn.    Citric  Add).      Pomiula,    'S^^fi-S^ 
Uolecular  Weight,  192. 

May  be  extracted  from  lemon  juice.  It  is  also  contained  in  oranges  and 
many  edible  fruits.  Unlike  tartaric  acid,  its  occurrence  as  a  calcium  or 
potassium  acid  salt  is  tlie  exception  ;  the  free  state  being,  as  a  rule,  that  in 
which  it  is  found  Thus,  it  is  not  necessary  to  add  any  calcium  chloride  in  the 
'preparation,  which  is  as  follows  : — 

Lemon-Juice  is  heated  to  boiling,  calcium  carbonate  added  until  effervescence 
ccascfi,  and  the  liquid  is  filtered  whilst  hot ;  the  precipitated  calcium  ciuati''" 
is  washed  with  hot  water,  and  decomposed  by  sulphuric  acid.  The  whole  1 
then  filtered,  to  remove  the  bulk  of  the  calcium  sulphate ;  the  filtrate  is  cvapC 
rated  to  a  density  of  i-ii,  when  the  remainder  of  calcium  sulphate  crystal 
lizcs  out.  and  the  clear  solution  of  citric  acid  is  then  crystallized. 

The  leactions  are  ; — 

I.  2H,QH,Oj  +  3CaCOs  =  CajsCaHjO,  +  jCOj  +  jHjO. 
3.  CajiCgH,0,  +  3HjS0t  =  aHjCgHsOT  +  jCaSO*. 

Citric  acid  is  usually  met  with  in  colourless  ciystals,  of  which  the  rign 
ifionthic  prism  is  the  primary  form ;  very  soluble  in  water,  less  soluUe  \ 

-  rectified  spirit,  and  insoluble  in  pure  ether.  The  crystals  dissolve  in  thi^ 
fourths  of  their  weight  of  cold,  and  in  half  their  weight  of  boiling  water, 
dilutee!  aqueous  solution  has  an  agreeable  acid  taste.  When  3ie  solution  I 
nadc  by  dissolving  thirty-four  grains  of  the  acid  in  one  ounce  of  water,  " 
resembles  lemon-juice  in  strength  and  in  the  nature  of  its  acid  properties;  am 

'  like  lemon  juice,  it  undergoes  decomposition  and  becomes  mouldy  by  kecf, 
ing.  When  healed  to  redness,  it  is  decomposed,  blackens  slowly,  and  th<i 
bima  entirely  away. 

(Feramlyrii,  n*  Aulkt^i  AuljtlMl  dvulatqr,  page  1 10,) 

A  solution  of  citric  add  dissolves  zinc,  magnesium,  and  iron,  with  cvolutioi 
of  hydrogen.    The  acid  known  as  aamitic  and  also  tquiselie,  having  the  fonnul 
HjCjHjOg,  is  the  result  of  subjecting  citric  acid  to  dry  distillation.   It  remaiii 
in  ihc  retort,  provided  the  temperature  employed  does  not  much  exceed'1 
350"  F.     The  acid  is  identical  with  that  contained  in  othcial   and   other  1 
vaticuci  of  aconite,  and  in  several  members  of  the  £jf««c/rfivir.     It  may  be] 
purified  from  undecomposed  citric  acid  and  a  few  byc-ptoducts  by  solution  1 
ether. 
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Citric  acid  forms  the  class  of  salts  known  as  citrates,  of  which  three  forms 
can  exist,  viz. :  di-hydrogen,  such  as  KHgCgHjOy ;  mon-hydrogen,  such  as 
BaHCgHgO; ;  and  neutral,  such  as  KjCgHgOy  and  Baj2CeH507. 

{^Forddection  and  separation  of  Citric  Acid  and  Ciiraies,  see  Author's  Analytical  CSiemistry, 
page  78.) 

LITHIUM  CITRATE  (Syn.  Lithia  Citras).    Formula,  JAj^^^JLfi^. 

Is  the  result  of  the  addition  of  lithium  carbonate  to  citric  acid  solution 
untU  effervescence  ceases  :— 

sLijCOs  +  2H3QH6O7  =  2U^C^lifi^  +  3COj  +  3HA 

The  solution  thus  obtained  is  evaporated,  and  the  residue  dried' at  a 
temperature  of  240°  F.  The  mass,  after  cooling  and  triturating,  is  a  white 
amorphous  powder,  deliquescent,  and  soluble  in  water  without  leaving  any 
residue.  Heated  to  redness  it  blackens,  evolving  inflammable  gases;  and 
the  residue,  burned  at  a  low  red  heat  with  free  access  of  au:,  leaves  a  white 
residue  of  lithium  carbonate. 

{For  analysis^  see  Author^ $  Analytical  Cliemialzy,/^^^  1 10. ) 

AlEMONITJM  CITBATE  (Syn.  Ammonia  Citras).    Formula,  (KHJjCeHgOy. 

This  salt  is  produced  by  neutralizing  a  solution  of  citric  acid  with 
ammonium  hydrate ;  the  reaction  being : — 

SNH^HO  +  HaQH^Oy  =  (NH,)3CeH507  +  3H2O. 

Is  official  as  a  solution, — liquor  ammonia  citratis,  B.P., — but  it  cannot  be 
obtained  crystallized,  as  it  decomposes  by  evaporation ;  leaving  di-ammonium 
hydrogen  citrate  (NH4)2HCjH507. 

SODIUM  CITBATE  (Syn.  Soda  Citras).    Formula,  NasCgHgOy. 

Crystallizes  from  a  solution  of  citric  acid  which  has  been  neutralized  by  the 
sodium  carbonate,  by  spontaneous  evaporation.  The  crystals  are  efflorescent 
and  slightly  soluble  in  alcohol.  It  is  not  of  pharmaceutical  importance ;  but  a 
solution  containing  it  together  with  sodium  tartrate,  results  from  the  action  of 
water  upon  soda  citro-tartras  cffcrvescensy  B.P.,  which  is  prepared  by  mixing 
17  ounces  of  sodium  hydrogen  carbonate  with  8  ounces  of  tartaric  and 
6  ounces  of  citric  acid,  and  heating  the  whole  to  220°  F.  until  the  powder 
granulates  by  stirring. 

This  is  the  article  commonly  sold  as  "  effervescing  citrate  of  magnesia." 
Frequently,  however,  the  citric  acid  is  omitted,  and  its  place  supplied  by  the 
much  less  expensive  tartaric  acid.  The  mixture  forms  better  granules  if  some 
finely  powdered  loaf  sugar  be  added,  and  the  best  makers  also  add  about 
3  per  cent  of  magnesium  sulphate. 

POTASSIUM  CITBATE  (Syn.  Potassa  Citras).    Fonmila,  E3CQH5O7. 

Is  produced  by  the  addition  of  potassium  carbonate  to  citric  acid  imtil  a 
neutral  solution  results,  which  is  then  evaporated,  and  the  residue  caused  to 
granulate  by  stirring  after  the  pellicle  forms  : — 

3K8COS  +  2H3CeHB07  =  2KsCeH607  +  3CO3  +  z^fi^ 

Thus  prepared  it  is  a  white  powder  of  saline  feebly  acid  taste,  deliquescent, 
and  very  soluble  in  water,  but  insoluble  in  absolute  alcohol.  Heated,  it  chars 
and  finally  leaves  potassiiun  carbonate. 

(For  analysis,  see  Author^ s  Analytical  CliemiBtry,/^^^  no.) 


CirRATES. 

CALCIUM  CITEATE  (Svn.  Citrate  of  Lime).    Formnla,  Ca32CjH50^ 

Ts  precipitated  on  addiDg  calcium  chloride  to  a  neutral  citrate,  agitatjl 
well,  and  boiling,  thus : — 

aKjCaHjOj  -(-  sCaClj  =  CajaCgHjO-  +  6KCL 
It  is  soluble  in  ammonium  chloride  and  cupric  chloride ;  fonning  cupi 
citrate,  which  is  soluble  in  water;  thus  differing  from  cupric  tartrate,  which  3 
insoluble. 

KAONESIDK  CITEATB  (Syn.  [Tiue]  Cilraie  of  Magnetia). 
Fommla,  Hgs2C6Hi;0,. 

May  be  formed  by  the  action  of  heat  on  a  mixture  of  magnesium  oxide  or 
carbonate  and  citric  acid.  It  is  not  used  in  this  country,  and  is  too  deli- 
quescent 10  be  obtained  in  definite  crystals  from  a  solution ;  but  may  b 
precipitated  (from  an  aqueous  solution)  as  a  white  powder  by  means  c 
alcohol,  in  which  it  is  insoluble.  It  is  a  wonderfully  tasteless  and  eflicieE 
purgative,  and  is  used  in  France  as  the  basis  of  a  preparation  called  limonait  ' 
fmrgfxtive.  It  is  best  produced  in  solution  when  required  by  mixing  magnesium 
carbonate  wiili  a  little  sugar,  adding  water,  and  stirring  in  a  solution  of  an 
ccjuivaleni  weiyht  of  citric  acid.  Messrs.  Southall,  of  Birmingham,  prepare 
powders  for  use  on  this  principle  ;  and  the  authof  has  received  a  beautifiil  1 
sample  of  true  granular  effervescent  citrate  from  Messrs,  Howard,  of  Stratfor^V 

!n  the  B.P.  Hi/uor  ntagnesin  dtratis,  magnesium  citrate  is  first  prepared  ii 
the  jireseiice  of  a  good  excess  of  citric  acid,  and  the  latter  is  thejj  utilized  ti 
produce  carbonic  anhydride  with  the  potassium  hydrogen-carbonate.  If  tf 
whole  be  properly  and  quickly  corked,  the  pressure  of  the  enclosed  gas  fli 
be  about  i  J  atmosphere,  and  it  will  conscijueutly  eficrvesce  freely  o 
the  bottle. 

CUPKIC  CITRATE  (Svs.  Citrate  ef  Copper),    Formala,  Cn32CaH,0;. 

This  sail,  unlike  cupric  tartrate,  is  soluble  in  water.  It  is  formed,  toget 
with  calcium  chloride,  when  calcium  citrate  ts  digested  in  pure  neutral  cu[ 
chloride. 

(See  Authar's  iDaljtickl  Chemlitrj, pa^e  7S.) 

PERSIC   CITRATE    (Svns.    Ferri    Citrat.      Citrate  of  Peroxide  of  Ir* 
Formula,  Pea8C-H,0^ 


Fej6H0  +  aHjCgHjOj  =  FejjCjHjO;  +  6H»0.. 
It  cannot  be  crystallised  ;  but  by  evaporating  and  pouring  out  the  s, 
liquid  formed,  on  glass  plates,  it  may  be  procured  m  scales.  It  does  not 
form  any  precipitate  when  treated  with  potassium  ferrocyanide.  The  solution, 
buwvvcr,  ac()uires  a  blue  colour,  alischargeable  by  itmmonium  hydrate. 
It  is  contained  in  the  following  B.P.  salts. 

Tflni  «t  AromoniEe  Citraa  (Svti.  Ferri  Ammonia  Citras).  Fommla  indefinite. 

In  the  B,I'.  process  for  aiaking  this  scale  preparation,  ferric  hydrate  is  fnsl 
made  from  litjMr  ferri  persulpitatis  by  the  acdon  of  ammonium  hydiatc. 

It  should  be  noticed,  that  the  ferric  sulphate  is  directed  to  be  added  to  lh« 
ammonium  hydrate,  so  as  to  prevent  the  precipitate  conlaiuing  an  oxy-sulphaic, 


^f^  'ZSGi£3ni  jSCHjs. 


llfrl**'  die  HBWiJfcC  'tL  lllB  IBflflL      TIlK  pBSB.  fri  I  tf* 

%r/rx:i^^  iirjc  ju^^  is  tLsoiffsd  3L  SBCS9B  if  diiic  aca±  siHOiaK  bf  tbe  ^A  of 
.v^rsr,  »r^  -vfiisi  '^kt  -lie  usSaof  '■%.  iii  iii  iiHiii  ir  ds:  rfifiiiT  aC  a  ^^ht 
^s»t>s9i  v"  samvsruimi  ':ii»tcaE.    Tje  ^ooie  s  Iks  AoBBLesapBated.  and 

Tin<  .if;ifti;.  >(9^  ^  tmmmmt  mm^  3  m  tfam  !PMi|iHrHl  sdes  a£  a  deep- 
f^m  v%ftf)nr.  lit^Httv  sivieeasfa  auf  wmiiyuL  in.  t^     Qt  IceMf  rritifrTw  fifniiw 


Tti'^if#;rif^  ir.th  >xrjrAsjx^  y%  sn  ±  'jeaBRSk  aoK  lias  tiaa  27  pa-  rem:  of  feme 
^r.#l^  -rii^Ji  JK  a^  ^fkaime  a  'rjetiitn.  Vijy  tfais  sole  cfifios  fiooi 
^^r^mi  <:;;irar3niiii  .'a  ^r^uitambi^  210  7 


jr<frrt   4n  ftwoMi  OtRW  /Stvi  CSM&r  ^  .^K  mtd  Qmimimu 


T-ttt  'iliuthk  «rc  r/MiCMM  t^roe  rtftmrt  vol  :  t&ae  of  boii^  <yirHuie,  and 

7  ?.-•  ft;  ^,  ;>rv.>iJH  ;«i  '^ovieri  mfio  i»e  i&caact  ttves : — 

/    /'fv;>eK^>/n  r/  ferr>.  hydraee  feooL  faerk  inipfaftr  fnr  pcaixiig  k  mto 

;^  r^f v>^,rAt>>r#  o< yrtf-.  fumim  firrxn  fiair  jn^iiB^  ^etiiuuati  ifissolved  in 
^;,  -.f>^  t»v-;.mTr>,  ^Ji-i/l,  Ivy  ammoRfom  k^Rdnse^ 

^  '^/A\r\f^  f^ta  wasihittg/  of  bcch  dieae  prec^picoei  ni  excess  of  dtric 

>(    7 >r^  ^/^*.>tVyn  of  ;}mnk<»niinn  fxjdnte,  csTfidh-  xiooSng  excess^  so  as  to 

•^    \,f^y^^xi\:,7,  ^rA  valins?  at  icc'  F. 

(^fuirruUn  and  Tf^U.^  'Vtivn  scales  of  a  greenisit  s^olden-Teliofv  cxdoor, 
V/rr^/«rr,/»*  ''Ji^i^j  »r;//mf,  and  entirely  soluble  in  cold  water.  The  solution  is 
Vf7/  xUyhf.ly  Uf  I/],  urA  \%  prtdpitated  by  sodxnm  hydrate,  and  by  both  feno- 
*r*<J  f^rrl/.  cyitTtUl^A.  The  addition  of  a  little  ammocimn  hydiate  causes  a 
l/Tt^j;/ii^U:  fA  hydrated  ^uinhf  soluble  in  a  free  excess^ 

f/«r  annlytist  tf4  Authc^t  Aailftial  CfciBJifij,  /^^  1 13.) 

7h';  fc/.t  that  the  v>IutjOT»  affects  both  potassium  feno-  and  fori-  cyanides, 
and  th*!  yrnrnhh  (jAfAii  of  the  scales,  prove  that  the  iron  is  pardy  redoced  in 
tl»jn  \,uy,iTiiX\tm  to  the  ferro\i%  <itale,  which  is  not  the  case  in  the  other  scale 
\>n^r4ruUoTm  h\ri:zjf\y  mentioned.  This  is  owing  to  the  (act  that  the  amoimt  of 
'Aiuuihu'viiu  hydrate  which  is  arlded  is  not  sufficient  to  fully  saturate  the  acid, 
i/fhTwiv:  ^ininja  would  be  precipitated  The  colour  of  the  scales  can  be 
altcfrd  ;it  will,  a^:cording  to  the  quantity  of  ammonium  hydrate  used 

BISMUTHOUS  CITBATE  (Syn.  Citrate  of  Bismuth).    Formula,  BiCsH^O;. 

Js  the  white  jirccijiitate  formed  on  adding  a  neutral  citrate  to  a  solution 
of  hiHrriiith(;u»  nitrate  Cor  chloride).  It  is  soluble  in  ammonium  salts,  and 
a  »r;lution  in  ammonium  citrate  and  nitrate  constitutes  liquor  bismttthi  et 
amnumi(r,  citratis^  B.P.,  which  is  prepared  by  distinct  steps  as  follows : — 

I.  nisrnuthouK  nitrate  is  prepared  by  dissolving  bismuth  in  nitric  acid, 
and  evaporating  to  expel  any  excess  of  nitric  acid. 

a.  To  this  solution  citric  acid  is  added,  and  then  ammonium  hydrate 
carefully  until  the  precipitate  first  formed  is  redissolved. 


BENZOIC  ACID. 

By  thia  means  a  colourless  neutral  or  only  feebly  alkaline  solution  is  a 
taincd,  whUk  will  mix  with  any  quantity  of  water  without  frrmitig  a  precipit^ 

It  has  a  specific  gravity  of  iiii,  and  contains  an  amount  of  bismuj 
reptcsenting  3  grains  of  BijOj  per  fluid  drachm. 

{For  analysis,  itt  Author's  laayjUstiCbtttifaj.pasr  ill,) 


VII.    AROMATIC  ACIDS. 

HTDROOEIT  BENZOATE  (Syns.  Benzoic  Acid.  Sensoyt  ffydratf.  Flowt 
gf  Bmzoin).  Formula,  HC^H^Or 
This  acid  occurs  in  several  official  substances,  vi^.,  hahamum  PemvtanuiA 
bahamum  letatanum,  styrax,  and  henzoinum.  It  is  frequently  prepared  1 
heating  the  last-named  body  in  an  ifon  vessel,  having  inverted  over  ii  i 
conical  cap  of  thick  paper,  and  covering  this  by  a  fiUcring  septum  of  strtrt, 
unsized  [>apcr.  The  whole  is  then  subjected  to  a  gradually  increasing  hed 
for  a  time  varying  wilh  the  amount  of  gum  resin  used.  A  small  (Quantity  m 
cease  to  evolve  the  add  in  an  hour  or  less,  whilst  several  pounds  will  tal 
five  hours  or  more.  The  covering  of  fiUer  paper  is  requisite  to  absorb  oil 
and  other  bye-products,  and  to  render  it  impossible  for  the  sublimate  to  fal 
back  into  the  vessel  containing  the  benzoin.  By  breaking  the  residual  inai 
into  small  fragments  and  re-heating,  the  total  amount  may  approximate  t 
12  or  13  per  cent.  The  residue  of  the  first  operation  can  be  more  readiM 
bnjkcn,  and  is  less  liable  to  be  charred,  if  the  powdered  benzoin  be  mix^ 
with  fragments  of  pumice  or  sand.  In  the  wet  process,  benzoic  acid  may  h" 
extracted  by  digesting  10  parts  of  benzoin  with  6  parts  of  calcium  hydral 
luid  too  parts  of  water  for  five  or  six  hours ;  boiling  for  half  an  hour,  filtcringS 
and  well  washing  the  residue.  The  solution  is  then  evaporated  to  half  tf 
balk,  and  rendered  decidedly  acid  by  hydrochloric  acid,  upon  which  ll 
calcium  benzoate  contained  in  the  solution  is  decomposed,  and  the  bcDzoiJ 
add  is  deposited  in  white  crystalline  scales  on  the  solution  becoming  c61<ff 
Tlie  impurities  still  contained  may  be  removed  by  subjecting  it,  after  diyinf 
lo  subhmation,  or  by  solution  in  bailing  water  and  rccrystalli/.ation.  Th. 
vanilla-like  odour  of  pharmaceutical  benzoic  acid  is  owing  to  a  trace  of  | 
volatile  oil  formed  during  sublimation,  and  possessing  the  medicin.il  propertiel 
for  which  the  acid  is  valuable.  Thus  the  product  of  the  wet  process  roiuirei 
to  be  sublimed  before  it  acquires  the  whole  of  its  Pharmaca|>ocia  qualities. 

Benxoic  Acid  should  be  in  light  feathery  crystalline  plates  and  needlea 
which  are  Hexible,  nearly  colourless,  and  have  an  agreeable  aromatic  odoui 
resembling  that  of  benzoin.     It  is  sparingly  soluble  in  water,  but  is  Tcadilfl 
dissolved  in  rectified  spirit,  soluble  also  in  solutions  of  the  causiic  alkalies 
and  of  lime;  and  it  is  precipitated  from  these  on  the  addition  of  hj-droclJoi 
acid  unless  the  solution  be  very  dilute.     It  melts  at  148°,  and  boils  al  4(1^*'  F.J 
When  heated  to  the  last-named  temperature,  it  passes  off  in  vapour,  leaving] 
ooly  a  slight  residue. 
The  reactions  Uktng  place  in  the  wet  preparations  arc : — 

I.  aHC-HjOs  *  CaiHO  =  CaaCjHjO,  +  aH.O. 
J.  CaiCfH.O,  +  aHCI  =  iHC-HsO,  +  CaCI,. 
The  oxidizing  action  of  the  air  on  benzoyl  aldehyd  also  produces  this  acict] 
bjr  the  simple  aiddition  of  one  atom  of  oxygen.     A  process  of  great  juacucal^ 
interest  and  importance  consists  in  the  formation  of  naphthalic  (also  called ' 
fitkalii)  acid  by  oxiilizing  naphthalin  with  nitric  acid,  and  the  transformalioa 
of  this  by  neulnUization  with  calcium  hydrate,  and  subsequent  heating  with 
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excess  of  the  latter.  The  calcium  phthalate  must  be  obtained  in  a  diy  state, 
and  then  afterwards  calcined  with  the  hydrate  at  630°  to  660°  F.  for  six  or 
seven  hours.  On  treating  the  cooled  product  with  boiling  water,  filtering,  and 
adding  hydrochloric  acid  in  excess,  benzoic  acid  crystallizes  out  as  the  tem- 
perature becomes  lower.  The  following  represents  the  decompositions  which 
are  known  to  take  place : — 

1.  CioHg  +  6HNO3  =  HgCgHp.  +  HjCaOi  +  4NO  +  NgOj  +  3H2O. 
(Naphthalin. )  (Phthalic  Acid.) 

2.  HgCgH^O^   +    Ca2H0    =    CaCgH^O^   +    2HjO. 

(Calcium  Phthalate.) 

3.  2CaC8H404  +   Ca2H0    =    Ca2C7H608   +   2CaC08. 

(Calcium  Benzoate.) 

The  reaction  by  which  benzoic  acid  is  derived  from  calcium  benzoate  has 
already  been  given.  A  characteristic  quality  of  benzoic  acid,  distinguishing 
it  from  cinnamic  acid,  is  its  resistance  to  oxidation  by  dilute  nitric  and  chromic 
acids,  which  yield  with  the  latter  benzoic  aldehyd. 

Benzoates  of  the  monad  metals,  when  heated,  yield  benzoyl  aldehyd ; 
if  mixed  with  an  alkaline  formate  alone,,  they  leave  a  carbonate  (except  the 
ammonium  and  argentic  salts)  giving  off  benzene  and  other  hydrocarbons. 
Heated  in  contact  with  the  air,  all  benzoates  produce  the*metal,  its  oxide,  or 
its  carbonate,  evolving  carbonic  anhydride  and  water. 

(For  detection  of  Benzoic  Acid  and  Benzoates y  see  Author^ s  Ana^tical  CShemistry,/^^  79.) 

AMMONIUM  BElStZOATE  (Syn,  Ammonia  Benzoas):    Formnla,  ITH^jCyHgO^. 

Is  the  result  of  acting  upon  benzoic  acid  with  ammonium  hydrate : — 

NH^HO  +  HC7H5O3  =  NH^C7H5.05  +  H^a 

During  evaporation  this  salt  decomposes,  evolving  ammonia  gas>  and  leaving 
a  compound  in  which  the  freed  acid  is  united  to  the  neutral  compound  imder 
consideration.  It  is  a  deliquescent  salt,,  in  colourless  laminar  crystals,  soluble 
in  water  and  in  alcohol.  It  is  entirely  volatile  by  heat,  and  a  strong  aqueous 
solution,  when  acidulated  with  a  mineral  acid^  lets  fall  crystals  of  benzoic  acid. 

POTASSIUM  BENZOATE.    Formula,  EC7H5O3. 

Is  formed  by  acting  on  an  aqueous  solution  of  benzoic  acid  with  potassium 
carbonate.  If  an  alcoholic  solution  of  benzoic  acid  be  employed,  no  decom- 
position occurs;  on  the  contrary,  a  solution  of  potassium  benzoate  is 
decomposed  by  passing  carbonic  anhydride  through  it,  benzoic  acid  remain- 
ing in  solution. 

CALCIUM  BENZOATE  (Syns.  Calcic  Benzoate,  Benzoate  of  Lime). 
Formula,  Ca2C7Hg03. 

Is  contained  in  the  solution  produced  on  boiling  benzoin  (gum  resin)  with 
calcium  hydrate.  It  dissolves  in  water  to  the  extent  of  about  3^  per  cent.,  if 
it  be  cold ;  to  a  much  greater  amount,  if  warm. 

FEEEIC  BENZOATE  (Syns.  .5dW2^a/<?  ^/ /n?«.  Benzoate  of  Ftraxide  of  Iron). 
Formula,  Fe^eCyHsOg- 

Is  soluble  in  water,  and  may  be  obtained  in  yellow  crystals  by  dissolving 
ferric  hydrate  in  a  watery  solution  of  benzoic  acid,  and  evaporating.  When 
redissolved  it  decomposes,  depositing  an  oxy-salt  or  hydrate-salt  Alcohol 
causes  the  same  alteration.    Ferrous  Benzoate  is  dissolved  by  water. 


CINNAMIC  AND  SALICYLIC  ACIDS. 


BTDBOOEH  CINNAJCATE  (Svn.  Cumomic  Acid).    FormaU,  HCuE;!},. 

This  acid  may  be  obtained  from  cinnyl  alcoliol  and  cinnaniyl  hydride  I 
oxidation. 

By  acting  on  styracin  (mentioned  under  Cinnyl  Hydrate)  with  potassiud 
hydrate  in  a  strong  boiling  solution,  cionamic  acid  and  the  alcohol  whence  if 
is  derived  are  simultaneously  formed.     Tiie  most  economical  processes  are— 

I.  To  extract  it  from  the  crystalline  matter  found  coaling  the  interior  of  the 
leaden  vessels  in  which  oil  of  cinnamon  is  brought  to  this  country. 

1.  To  act  on  balsam  of  Peru  with  calcium  hydrate  made  into  a  thick  paste 
with  water.  t 

I.  Yhis  crystalline  deposit  is  treated  with  boiling  rectified  spirit,  and  filtered  a 
ihe  impure  cinnamic  acid,  which  separates  on  cooling,  dissolved  in  sodium 
cvbotutc  and  pure  water ;  hydrochloric  acid  added,  and  the  crystals, 
f^ill  on  cooling,  pressed  and  dried.  The  portion  insoluble  in  hot  spirit  s 
plumbic  cinnamate.  If  it  be  boiled  with  sodium  carbonate,  and  filtered,  t~ 
filtrate  on  acidulation  deposits  the  acid. 

II.  If  the  mixture  above  mentioned  be  boiled  and  filtered,  the  residue  agw* 
boiled  (several  times)  with  water,  and  the  united  filtrates  mixed,  calcium  cin- 
namate separates  in  a  tolerably  pure  state  as  the  temperature  becomes  low. 
By  decomposing  this  with  hydrochloric  acid  and  hot  water,  crystals  may  be 

tirocuied  after  some  time.     On  subjecting  these  to  solution  in  ammonium 
lydrate  and  reprecipitation,  or  to  sublimation,  the  pure  acid  results. 

Cinnamic  acid  is  only  slightly  soluble  in  water  at  60^  F.,  but  freely  in  hot 
water.  A  valuable  distinction  from  benioic  acid  consists  in  the  fact  that  by 
distillation  wiih  plumbic  dioxide,  benzoyl  hydride  (recognised  by  its  odour) 
is  evolved.  The  same  reaction  occurs  with  sulphuric  acid  and  potassium 
dichromate. 

l*he  precipitate,  on  introducing  a  neutral  cinnamate  into  a  ferric  solution, 
is  j-ellow.  Benzoates  produce  a  more  or  less  red  deposit.  Manganous  ben- 
2oate  is  soluble.  Manganous  cinnamate,  after  a  httlc  time,  is  yellow,  crystal- 
line, and  insoluble.  The  cinnaraates  are  of  too  slight  importance  to  be  givca 
in  a  work  of  this  character.     One  only  is  an  exception. 


CnrHTL  CINNAMATE.    Fomnla,  C^Q^-fi^. 

It  occurs  in  styrax praparatui,  B.P.,  in  the  form  of  styracin,  which  is  ita 
usual  name. 

It  is  an  oily  liquid  obtained  by  expression  from  the  impure  substances  used 
in  making  cinnyl  hydrate  {vidt  ante).  By  other  methods  of  preparation  it  is. 
procured  in  prismatic  crystalline  masses,  easily  dissolved  by  ether. 


HTCROOEN  SALICYLATi;  (Svns.  Salicylic  Acid.  OxyhmmcAcid). 
Formnla,  C,H,0;^  or  H^^HiO,. 
Was  originally   produced   by  the  oxidation  of  salicylic  aldehyd   ( 
meadow-sweet),  but  i*  now  extensively  prepared  from  sodium  phcnate,  n 
by  heating  carbolic  acid  with  potassium  hydrate  : — 
C.H.HO  + 


+  NaHO  ^  CgHjNaO 
The  silt  tlius  formed  is  then  heated  gradually  from 


HjO. 


up  to  500  m  a  reior 
through  which  a  stream  of  carbonic  anhydride  is  kept  passing.  During  this 
proems  a  Utile  carbolic  acid  is  re-formed,  and  distils  over,  while  sodium 
xalieyUte  remains  in  the  retort : — 

aCeH^NaO  +  CO,  =  NaaCjH,Oj  +  C,H..HO. 


The  sodium  salicylate  is  then  dissolved  in  a  small  quantity  of  water,  and 
composed  by  hydrochloric  acid,  which  ihe  salicylic  acid  precipitates  in  I 
malic  cr>'stal3.  It  is  freely  soluble  in  alcohol,  ether,  and  hot  water,  but  o 
to  the  extent  of  one  part  in  1 800  of  cold  water.  Heated,  tt  melts  and  deci 
poses,  giving  off  carbolic  acid.  It  is  a  powerful  antiseptic,  being  used  exl 
sively  to  preserve  milk  and  beer  ;  and  its  sodium  salt,  which  is  very  solublt 
water,  lias  a  great  reputation  in  the  treatment  of  acute  rheuraalism. 
Its  ferric  salts  are  soluble  in  water,  and  have  a  beautiful  violet  colajj 
(Far  drttclicn  ofSaiicylk  Acid,  see  AulhaT>s  Analrtiii&l  Chemiitrj,  page  I 


to-     ] 

coloj^H 


HTDROGEN  GALLATE  (Svn.  Gallic  Acid).    Formula,  HjC,H^Oj. 

Is  produced  by  the  decomposition  of  tannin  {acidum  tanniaim,  B.P.) 
boiling  with  dilute  acids.  The  B.P.  method  is  to  expose  powdered  g! 
moistened  witli  water,  to  atmospheric  action.  The  temperature  must  be 
to  2o°  F.,  the  moist  state  should  be  maintained  for  about  six  weeks.  At 
termination  of  that  period  the  galls  are  boiled  with  three  parts  of  water,  filtci 
and  the  acid  which  falls  on  cooling  dried  slightly  by  exposure  to  the 
The  adherent  water  is  removed  by  pressure  between  filtering  paper,  and 
product,  unless  nearly  white  in  colour,  redissolved  in  hot  water,  decolort 
by  animal  charcoal,  and  crystallized. 

CharacUrs  and  Tests. — Crystallizes  in  acicular  prisms  or  silky  needles,  so 
limes  nearly  white,  but  generally  of  a  pale  fawn  colour.  It  requires  about 
parts  of  cold  water  for  its  solution,  but  dissolves  in  three  parts  of  boiling  wa 
Soluble  also  in  rectified  spirit.  The  crystalline  acid,  when  dried  at  zii%  k 
9'5  per  cent,  of  its  weight.  It  leaves  no  residue  when  burned  with  free  aa 
of  air. 

When  heated,  it  loses  water,  becoming  converted  into  pyrogallic  a> 
A  solution  of  gallic  acid  in  glycerin,  containing  one  part  in  six  by  weight 
tlie  acid,  is  termed  in  the  B.P.  glycerinunt  acidi  galiki.  A  moderate  dc| 
of  heat  should  be  applied  to  effect  perfect  solution,  It  possesses  a  sligl 
acid  astringent  taste.  Ethereal  and  alcoholic  solutions  abo  redden  liu 
pajicr. 

Gallic  Acid  differs  from  lannk  add  also  by  not  reacting  with  albumen 
alkaloid  salts.  The  acid  salts  of  this  acid  are  alone  undecomposed  by  ex 
sure  to  the  air. 

Solid  gallic  acid  forms  a  bright-red  liquid  with  potassium  and  ami 
nium  hydrates.  Strong  sulphuric  acid  gives,  when  hot,  a  similar  reaction  ; 
the  solution  thus  formed  lets  fall  a  red  precipitate  on  the  addition  of  wa 
The  weak  solution  of  calcium  hydrate  known  as  lime  water,  when  added  t 
little  gallic  acid  solution,  forms  a  white  precipitate,  changing  through  blue  1 
violet  to  a  purplish  colour. 

Potassium  permanganate  may  be  employed  to  estimate  this  acid,  by  a  s< 
lion  of  known  strength  (say  i-io  equivalent  in  a  Htre,  or  i '58  percent)  be 
run  into  a  solution  of  a  weighed  quantity  of  the  gallic  acid  to  be  esdmai 
until  it  acquires  a  faint  pink  tinge. 

When  gallic  acid  is  added  to  auric  and  argentic  salts,  the  metal  is  libera 
slowly  at  the  ordinary  temperature ;  and  this  reduction  affords  valuable  me 
of  obtaining  desirable  results  in  photography.  On  submitting  the  mixture 
heat,  very  rapid  deposition  of  the  metals  occurs. 

Gallic  acid  has  been  discovered  to  be  a  tetrad  within  tlie  last  few  yean 
compound  having  the  composition  BajCjHjOj  having  been  made. 

The  gallates  may  be  of  at  least  six  classes  ;  viz.,  mon-,  di-,  tri-,  and  td 
metallic,  acid,  and  basic  salts. 

{,Far  •itiectum  ef  Gallk  Acid,  set  Aatkai's  AiulftiHl  Cnum 


TAN.VrC  ACID. 


Ferric  Gallate. — Indefinite  in  composiiion.  and  of  a  tluc  colour,  producing 
a  colourless  ferrous  salt  on  boiling,  carbonic  anhydride  being  evolved. 

Veratria  Gallate. — Is  tbe  natural  form  in  which  veralria  exists  in  the  follow- 
ing  official  vegetable   productions, — sabadiila,  verairi  viridis  radix,  tv^AidJ 
emintis,  and  eolehici  semiaa. 

In  preparing  veratria,  precipitation  liy  ammonium  hydrate  is  adopted,  \ 
order  to  remove  the  g.illic  acid  in  combination  with  that  alkaloid,  the  a 
□turn  hydrate  being  converted  into  ammonium  gallate. 


TAiraiN  (SvN.  Tannic  Add).   Formula,  CjjHjiOi^.   If  olecular  Weight,  filSJ 

Is  usually  considered  to  be  a  gUicoside ;  but  as  it  has  been  stated  to  be 
really  an  anhydride  of  gallic  acid,  we  will  look  at  it  in  this  aspect  for  the 
time  being.  Of  tannins  there  are  many  varieties,  differing  from  t 
sometimes  by  chemical  and  at  others  by  physical  peculiarities. 

The  principal  classes  chemically  dislingtiished  are  those  forming  (like  g 
or  ordinary  tannic  acid)  blackish  or  purplish-black  precipitates  with  ferric  & 
and  those  yielding  a  greenish-brown.  The  Pharmacopceia  tannic  acid  i 
cognised  by  producing  a  gelatinous  precipitate  with  potassium  antinrn 
tartrate,  and  also  (when  in  watery  solutions)  with  sulphuric,  hydrochloric,  a 
nitric  acids ;  by  giving  a  purplish-black  upon  adding  a  ferric  solution ; 
throwing  down  a  greyish  compound  when  a  solution  of  gelatin  is  introduced 
into  its  aqueous  solution ;  and  by  rendering  alkaloids  insoluble  in  water, 
though  soluble  in  acetic  and  stronger  acids. 

To  prepare  tannic  acid,  expose  powdered  galls  to  a  damp  atmosphere  for 
two  or  three  days,  and  afterwards  add  sufficient  ether  to  form  a  sof) 
Let  this  stand  in  a  well-closed  vessel  for  twenty-four  hours  ;  then,  I 
quickly  enveloped  it  in  a  linen  cloth,  submit  it  to  strong  pressure  jn  a  si 
press,  so  as  to  separate  the  liquid  portion.    Reduce  the  pressed  cake  K 
dcT,  mix  it  with  sufficient  ether,  to  which  one-sixteenth  of  its  bulk  of  water  hi 
been  added,  to  form  again  a  soft  paste,  and  press  this  as  before.    Mix  t 
extnesscd  liquids,  and  expose  the  mixture  to  spontaneous  evaporation  un 
by  the  aid  subsequently  of  a  little  heal,  it  has  acquired  the  consistence  o 
toll  extract;  then  place  it  on  earthen  plates  or  dishes,  and  dry  it  in  a  hot-air 
chamber  at  a  temperature  not  exceeding  aia°  F. 

Thus  matle,  it  is  found  in  pale  yellow  vesicular  masses,  or  thin  glistening 
scales,  with  a  strongly  astringent  taste  and  an  acid  reaction  \  readily  soluble  in 
water  and  rectified  spirit,  very  sparingly  soluble  in  clhcr.     It  leaves  no  residuftfl 
when  burned  with  free  access  of  air.  T 

The  majority  of  the  forms  of  tannic  acid  exhibit  an  acid  reaction  (never  vetj  I 
decided)  towards  litmus  paper,  are  astringent  but  not  sharp  in  taste,  and  fOTtfl 
wltli  gelatin  the  insoluble  compound  known  as  artifiaat  Itathtr.  They  alsofl 
give  the  characteristic  reactions  with  ferric  salts  already  mentioned,  and  ihowfl 
a  similar  behaviour  towards  albumen  as  towards  gelatin.  Quino-tannic  adtf  ^ 
(contained  in  cinchona  bark),  and  the  tannin  accompanying  salicin  in  willow%  j 
ax  well  OS  that  found  in  catechu,  rlialany  root,  and  rhubarb,  are  of  the  variei^J 
which  engenders  an  insoluble  ferric  salt  of  a  green  colour.  The  puriilish- 
binck  ferric  salt  is  produced  by  the  reaction  with  querco-tannic  adds  (of  the 
oak),  the  tannin  of  bearberry  leaves,  and  that  obtained  from  other  sources. 

From  aqueous  solutions  the  official  or  gallo-tannic  acid  is  thrown  down  by 
sodium  and  ammonium  chlorides,  potassium  sulphate  and  acetate,  etc  ;  also 
by  hydrochloric  and  sulphuric  acids. 

Tlie  phenomenon  of  llic  precipitation  without  alteration  of  a  substance  not 
very  soluble  in  water  by  one  much  more  so,  is  by  no  means  uncommon,  espe- 
cially with  hydro-carbonaceous  compounds. 
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Gallo-tannic  acid  is  taken  up  with  tolerable  freedom  by  both  expressed  and 
essential  oils.  The  member  of  the  latter  in  which  it  is  especially  and  pre- 
eminently soluble  is  oil  of  bitter  almonds.  It  dissolves  also  in  ^yceiyl  hydrate 
to  the  extent  of  about  15  per  cent  (For  details  of  the  preparation  of  the 
solution  see  Glyceryl  Hydrate.)  Its  solution  in  glyceryl  is  official  under 
the  name  of  glycerinum  acidi  tannici.  The  formation  of  cupric  tannaie^ 
— Cu3(C27H220i7)2(?), — ^when  a  solution  of  cupric  acetate  is  added  to  a 
watery  solution  of  tannic  acid,  may  occasionally  prove  serviceable  as  a  test, 
It  is  of  a  pinkish  colour. 

{For  dcUcHon  of  Tannic  Add,  see  Auihot^s  AsalTtlcal  Chemistry,  page  81.) 

HTDBOGEN  FYBOGALLATE  (Syns.  Fyrogallic  Add.    Dioxyphenic  Acid). 
Formula,  H3C5H3O3. 

\Vhen  gallic  acid,  or  a  watery  extract  of  galls,  is  heated  in  an  iron  vessel 
covered  with  a  diaphragm  of  filter  paper,  and  having  a  thick  paper  cap  in- 
verted over  it,  this  acid  sublimes  in  almost  white,  very  light  crystalline  flocks. 
The  heat  employed  must  last  for  nearly  twelve  hoiu^,  and  not  vary  much 
below  356°  or  above  365°  F.  The  most  advantageous  method  is  to  sublime 
gallic  acid  mixed  with  fragments  of  pumice  stone,  in  a  vessel  through  which  a 
stream  of  carbonic  anhydride  may  be  passed.  The  crystals,  when  accurately 
examined,  are  seen  to  be  prismatic  plates.  At  60**  F.  pyrogallic  acid  dissolves 
in  rather  more  than  twice  its  weight  of  water,  is  more  soluble  in  hot  water, 
but  less  so  in  ether  and  alcohol.  It  is  derived  from  gallic  acid  by  the  with- 
drawal of  carbonic  anhydride,  thus : — 

H3C7H3O5  =  H3CgH305  +  COj. 

It  is  employed  as  a  reducing  agent  by  photographers,  and  is  also  in  com- 
mercial demand  for  making  hair  dyes.  When  in  solution  it  is  decomposed 
by  exposure  to  the  air,  becoming  brown  by  oxidation.  In  consequence  of 
very  small  quantities  of  nitrous  acid  turning  it  brown,  a  colourless,  watery 
solution  may  be  employed  as  a  test  for  that  body.  It  is  a  weak  acid,  not 
decomposing  all  carbonates.  The  most  important  of  the  p3n:ogallates  will  be 
found  undermentioned.  The  only  noticeable  general  reactions  are  their  pro- 
pensity to  become  coloured  by  atmospheric  action,  and  the  reducing  action 
they  exert  upon  auric,  platinic,  argentic,  and  mercuric  salts. 

{For  detection  of  Pyrogallic  Acid,  see  Author's  Analytical  Chemistry, /^^  81.) 

Ammonium  Pyrogallate  is  formed  when  amQaonium  hydrate  is  added  to  the 
acid.     It  is  employed  as  a  test,  becoming  brown  by  the  influence  of  the  air. 

Potassium  Pyrogallate  is  the  salt,  the  formation  of  which  determines  the 
absorption  of  oxygen  in  gas  analysis.  (See  Nitrogen.)  It  becomes  first  pur- 
plish, afterwards  dark-brown  or  black,  by  combination  with  oxygen. 

Argentic  Pyrgoallate  does  not  exist ;  p3n:ogallic  acid  causing  the  deposition 
of  the  metal  firom  argentic  salts. 

Calcium  Pyrogallate  forms  the  fine  reddish  solution,  quickly  becoming  deep 
brown,  resulting  from  the  addition  of  calcium. 

Ferrous  Pyrogallate  is^contained  in  the  beautiful  blue  solution  produced  by 
introducing  a  ferrous,  salt  into  aqueous  pyrogallic  acid.  A  slight  contamina- 
tion with  a  ferric  salt  secures  the  formation  of  a  green-coloured  liquid. 

Ferric  Pyrogallate  is  a  constituent  of  the  fine  red  solution,  the  formation  of 
which  occurs  On  introducing  a  dissolved  ferric  salt  into  pyrogallic  acid  solution. 


CHAPTER  XVII. 
ETHERS. 


The  salts  formed  by  the  unsaturated  hydrocarbons  acting  as  basylous  radicals, 
are  called  ethers. 
They  are  of  three  classes,  viz. :  haloid,  simple,  and  compound. 


I.    HALOID  ETHERS. 

Are  the  result  of  the  displacement  of  one  or  more  atoms  of  hydrogen 
from  a  saturated  hydrocarbon,  by  CI,  Br,  or  I,  and  are  therefore  the  chlorides, 
bromides,  or  iodides  of  the  basylous  radical  correspondmg.  They  may  also 
be  viewed  as  the  result  of  the  displacement  of  HO  from  an  alcohol  by  CI,  Br, 
or  I ;  and,  like  the  alcohols,  they  run  in  series,  and  are  monatomic,  diatomic, 
or  triatomic 

{a)  Monatomic  Haloid  Ethers  of  the  Series  C^B^.{L, 

These  may  be  produced  by  the  following  general  methods  : — 

1.  By  the  direct  action  of  chlorine  or  bromine  upon  the  corresponding 
saturated  hydrocarbon  :— 

CaHg  +  Clg  =  CjHsCl  +  HCl. 

2.  Bypassing  dry  hydrochloric  acid  gas  into  the  alcohol  and  then  distilling: — 

CgHgHO  +  HCl  =  CjHgCl  +  HjO. 

3.  By  heating  the  alcohol  with  bromine  and  iodine  and  phosphorus,  so 
forming  phosphorous  bromide  or  iodide,  which  then  react,  thus : — 

SCaHjHO  +  PBr,  =  sCjHjBr  +  H5PO3. 

SCaHjHO  +  PI,    =  sCjHJ  +  H^POj. 

The  haloid  ethers  are  especially  useful  in  making  other  compounds,  owing 
to  the  variety  of  decompositions  they  undergo,  of  which  the  following  are 
worthy  of  special  note  : — 

1.  The  haloid  ether,  treated  with  potassium  hydrate  (or  better,  with  moist 
argentic  oxide),  forms  the  corresponding  alcohol : — 

aCgHgl  +  AgjO  +  HjO  =  2C3H5HO  +  2AgI. 

2.  The  haloid  ether,  acted  on  by  a  potassium  or  sodium  alcoholate,  yields 
the  simple  ether  corresponding.    Thus  : — 

CgHjI  +  Na(C8H5)'0  =  {Cs^t\0  +  Nal. 

3.  By  double  decomposition  with  the  silver  salt  of  the  required  acid,  any 
compound  ether  may  be  obtained  from  the  haloid  ether.     Thus  : — 

CjHJ  +  AgCjHjOg  =  CjHg.CaHjOa  +  Agl. 
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4.  By  acting  on  the  haloid  ether  with  nascent  hydrogen,  we  can  obtain  the 
original  paraffin : — 

C2rigl  +  Hg  =  ^3^6  +  HI. 

5.  By  heating  the  haloid  ether  in  a  sealed  tube  with  alcoholic  ammonia,  we 
obtain  Ihe  bromide  or  iodide  of  the  corresponding  amine.    {See  Amines.) 

6.  Acted  upon  by  potassium  cyanide,  haloid  ethers  yield  the  cyanide  of  ' 
their  basylous  radical ;  thus,  methyl  iodide  and  potassium  cyanide  give  methyl 
cyanide : — 

CH5I  +  KCN  =  CH3CN  +  KI. 

But,  as  already  seen  (page  177),  the  cyanides  of  monad  organic  radicals  are 
also  the  nitrils  of  the  triad  basylous  radicals  immediately  higher  in  carbon 
value;  therefore  the  above  reaction  may  be  shown  as  forming  ethenyl  or 
aceto-nitril,  thus  : — 

CHjI  +  KCN  =  {C^li^'"W'  +  KI. 

It  will  be  sufficient  to  glance  at  the  haloid  ethers  of  methyl,  those  of  ethyl, 
propyl,  butyl,  and  amyl  being  very  similar,  only  having  higher  boiling  points 
as  the  number  of  their  carbon  atoms  increases. 

METHYL  CHLOBIDE  (Syn.  Chloromethane).    Formnla,  CH3CL 

May  be  prepared  by  distilling  together  sodium  chloride,  sulphuric  acid,  and- 
wood  spirit : — 

CHsHO  +  HgSO^  =  CH3HSO4  +  H,0. 

CHjHSO^  +  NaCl  =  CHjO  +  NaHSO^. 

It  is  a  gas  with  a  peculiarly  sweetish  odour  and  taste,  and  only  slightly 
soluble  in  water.  It  is,  like  most  ethereal  chlorides,  combustible,  and  bums 
with  a  greenish  flame.  It  is  now  prepared  on  an  industrial  scale  from  the 
residues  obtained  in  the  manufacture  of  sugar  from  beetroot  Exposed  to 
sunlight  in  contact  with  excess  of  chlorine,  it  first  becomes  methene  chloride, 
then  chloroform,  and  finally  carbon  tetrachloride. 

METHTL  IODIDE  (Syn.  lodomethane).    Formula,  CH3I. 

Is  prepared  by  the  action  of  phosphorus  and  iodine  upon  methyl  hydrate 
(wood  spirit),  phosphoric  acid  being  at  the  same  time  formed : — 

Pg  +  5I3  +  10CH3HO  =  10CH5I  +  2HJPO4  +  ^HjO. 

It  is  a  slightly  combustible,  colourless,  volatile  liquid,  evolving  violet 
vapours  (iodine)  when  inflamed.  It  owes  its  interest  to  its  employment  in 
the  preparation  of  the  radical  methyl  in  the  free  state,  by  heating  in  a  sealed 
tube  with  zinc  and  water : — 

2CH3I  +  Zn  -  Znia  +  (CH3)2. 

METHYL  BBOlilDE  (Syn.  Bromonuthane),    Formula,  CHsBr. 

Prepared  exactly  like  the  iodide,  but  using  bromine  instead  ot  iodine. 
Resembles  the  iodide  closely. 

{p)  Diatomic  Haloid  Ethers,  Series  C^H^^ 

These  bodies  are  formed  : — 

1.  By  the  direct  action  of  chlorine  on  the  olefines. 

2.  By  the  action  of  phosphoric  bromide  or  iodide  upon  the  aldehyd 


.\f£T//E.VE,  ETHESE  CHLORIDES.— CHLOROFORM. 

or  kcione  of  the  monad  series  corresponding  in  number  of  caibon  atom 
Examples : — 

C9H.O  +   PCls   =         CaH,.Clj        +   POCIj. 
(Aldehyd.)  (Ethene  chloride.) 

CjHgO   +   PCIb   =        CsH,.CI,         +   POClj. 
(Acetone.)  (Pcopene  chloride.) 

METHENE    CHLORIDE    (SvNs.    Mcthyltm    Chhride.      Dishloromihant 
Fonnola,  CHjCl^ 

According  to  Ferkin,  this  body  is  best  obtained  by  agitating  an  alcoholic 
solution  of  chloroform  with  powdered  metallic  zinc  and  a  email  quantity  a' 
ammonium  hydrate.  The  reaction  is  doubtless  tw^ought  about  by  nascer 
hjdrogen,  and  is  accompanied  by  the  formation  of  marsh-gas : — 

2CHCl3  +  4Hj  =  CH,Cl3  +  CH.  +  4,HCL 
It  is  a  colourless  li(|uid,  boiling  at  106°  F.,  and  not  solidifying  at  0°  F.   It  h 
been  U3cd  as  an  amesthetic  under  the  name  of  bichloride  of  methylene. 

ETHENE  CHLORIDE  (Svns.  Eihyhnt  Chloride.    DuUh  liquid). 
Formola,  C^H^.d^. 

Is  produced  by  causing  olcliant  gas  and  chlorine  to  mix  together  over 
water,  when  a  yellowish  oily  liquid  forma  and  sinks  to  the  bottom  in  drops. 
It  possesses  a  peculiarly  fragrant  odour,  and  bums  with  a  greenish  flame.     It 
U  interesting  as  being  one  of  the  early  discoveries  in  this  bnincli  of  chemistiyt  f 
having  been  first  produced  by  four  Dutch  chemists  in  1795. 

(c)  Triatomic  Haloid  Etlien,  Series  CJi.^.{S^. 
METHENYL  CHLORIDE  {Syns.  Chloroform.  Formyl  Chloride). 
Fonutda,  CH'",Ci;. 
Is  prepared  by  distilling  spirit  of  wine  with  chlorinated  lime  and  slaked 
lime  in  the  presence  of  a  co^^iderable  quantity  of  water,  when  chlorofon 
and  calcium  formate  are  produced.  'I'hts  may  be  represented  in  one  equaliu 
lu  follows  : — 

4C3H5HO  +  SCaaClO  =  aCHClj  +  jCajCHOj  +  sCaClj  +  SHjO. 
The  real  reactions  which  occur  arc  more  probably  as  follows.  Keeping  i 
mind  that  "  chlorinated  lime  "  can  exercise  both  an  oxidieing  and  a  chloridiw 
tog  influence,  we  may  consider  that  by  the  former  the  alcohol  is  reduced  t 
aldehyd,  and  that  by  the  latter  hydrogen  is  displaced,  forming  trichloraldchy< 
or  chloral : — 

iC^HsHO  +  eClj  +  Oj  =  iC^HCI^O  +  6HC1  +  iHaO. 
Immediately  on  its  formation,  however,  the  chloral   is  attacked  by  t 
calcium  hydrate,  and  decomposed  to  chloroform  and  calcium  formate : — 
sCjHCIjO  +  CasHO  -  iCHCIj  +  CaiCHO,. 
In  practice,  Uie  ingredients  should  be  mixed  an<l  heated  gradually,  taking 
care  to  withdraw  til e  heal  the  moment  the  distillation  really  commences. 
AAct  tiie  distillation,  the  crude  product  is  first  washed  by  shaking  up  with  dis- 
tilled water,  and  afterwards  purified  by  agitation  with  an  equal  bulk  of  strong 
sulphuric  acid,     Finally,  the  chloroform  is  separated  by  a  pipette,  and  recti- 
fied over  a  mixture  of  calcium  chloride  and  slaked  lime.    Thus  prepared,  it.  \ 
a  a  limpid  colourless  tii^nid,  of  an  agreeable  ethereal  odour,  and  sweet  tast&  ' ' 
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Chloroform  dissolves  in  alcohol  and  ether  in  all  proportions ;  and  slightly  in 
water,  communicating  to  it  a  sweetish  taste.  Bums,  though  not  readily,  with 
a  green  and  smoky  flame.  Specific  gravity,  i'49.  It  is  not  coloured  by 
agitation  with  sulphuric  acid ;  leaves  no  residue  and  no  unpleasant  odour  after 
evaporation.     It  is  only  very  slightly  soluble  in  water  (i  in  200). 

Besides  the  well-known  anaesthetic  properties  of  its  vapour,  chloroform  is 
very  useful  to  the  analyst  as  a  solvent  for  alkaloids  as  well  as  for  iodine, 
bromine,  camphor,  resinous  bodies,  and  volatile  oils.  Its  striking  power  of 
dissolving  alkaloids  is  utilized  in  isolating  them  for  toxicological  investigations, 
and  in  the  assay  of  barks ;  while  its  ability  to  dissolve,  and  show  a  colour 
with  minute  traces  of  iodine  and  bromine  is  made  use  of  in  the  detection  of 
these  elements.  It  can  be  brought  into  contact  «with  acids  and  alkalies  in 
watery  solution  without  change,  and  it  is  miscible  with  both  turpentine  and 
carbon  disulphide.  The  most  common  adulterants  of  chloroform  are  alcohol, 
wood-spirit,  methylated  chloroform,  and  traces  of 'sulphuric  acid.  The  best 
reagent  for  detecting  alcohol  is  a  salt  obtained  by  acting  on  ferric  chloride 
with  a  mixture  of  potassium  nitrate  and  ammonium  sulphide,  and  called 
ferrous  di-nitro  sulphide.  If  chloroform  be  shaken  up  with  this  substance,  it 
acquires  a  green  colour  in  presence  of  the  impurities  mentioned.  A  very 
simple  way  of  detecting  alcohol,  and  at  the  same  time  of  roughly  estimating 
its  amount,  is  to  fill  a  burette  with'  chloroform  up  t6  20  cc,  and  then  add 
water  to  100  cc,  shaking  violently.  Pure  chloroform  will  sink  to  the  bottom 
in  clear  globules;  but  in  the  presence  of  alcohol,  the  liquid,  and  the  surface  of 
the  drops,  will  become  dim  and  opalescent  After  the  chloroform  has  settled, 
a  diminution  will  be  observed  equal  to  the  amount  of  alcohol  which  has  been 
extracted  by  the  water,  always  allowing  for  -jS^  of  a  cc,  which  would  be  the 
natural  loss  by  solubility,  even  with  a  pure  article.  Chloroform  will  keep  well 
in  a  dark  place ;  but  when  exposed  to  air  and  strong  sunlight  it  will  resolve 
itself  into  hydrochloric  acid,  chlorine,  and  other  products,  unless  it  be  entirely 
fi-ee  from  nitryl  compounds,  in  which  case  it  is  said  not  to  be  affected  by  light 
and  air.  The  presence  of  an  exceedingly  small  quantity  of  nitric  acid  in  the 
sulphuric  acid  used  in  the  purification  of  chloroform,  is  sufficient  to  give  it  this 
tendency  to  spontaneous  decomposition.  Methylated  chloroform  can  be  de- 
tected by  the  offensive  smell  which  it  leaves  upon  a  cloth  dipped  in  it,  and 
allowed  to  dry  spontaneously.  This  smell  is  owing  to  its  containing  about  6 
per  cent,  of  an*  empyreumatic  oil,  a  constituent  of  which  is  chlorine,  and 
which  is  blackened  by  sulphuric  acid.  Lately  it  has  been  stated  that  chloro- 
form can  be  made  firom  methylated  spirit  so  as  to  be  quite  undetectable.  A 
good  test  for  small  quantities  of  chloroform  is  to  heat  with  a  little  aniline  and 
alcoholic  sodium  hydrate,  when  a  violent  action  ensues,  and  the  characteristic 
smell  of  an  alcoholic  cyanide  (isonitril)  is  evolved. 

METHENYL  BROMDE  (Syn.  Bromofomt),    Formula,  CHBrj. 

When  potassium  hydrate  and  bromine  are  caused  to  act  upon  alcohol  or 
wood  spirit,  this  substance  is  formed.  It  is  a  heavy  liquid,  having  a  specific 
gravity  of  2-13,  and  is  a  result  of  the  action  of  calcium  hydrate  on  bromal,  in 
the  same  manner  that  chloroform  is  a  product  of  the  treatment  of  chloral 
with  that  reagent.  It  imparts  its  taste,  which  is  sweet,  and  its  smell,  which  is 
agreeable,  to  water,  in  which,  like  chloroform,  it  is  slightly  soluble. 

It  dissolves  iodine  to  a  large  extent,  phosphorus  and  sulphur  less  rapidly, 
while  it  is  itself  dissolved  by  the  volatile  oils,  ether,  and  alcohol. 

It  decomposes  on  being  boiled  with  potassium  hydrate,  potassium  bromide 
and  bromate  being  formed. 

It  is  only  slightly  combustible. 
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METHENYL  IODIDE  (SvN,  lodojomi).    Pormolft,  CHI^ 

This  body  may  be  prepared  by  mixing  solution  of  potassium  hydrate  a 
of  iodine  in  alcohol  until  a  light  yellow  solution  is  Tormed.     The  excess  a 
alcohol  is  removed  from  this  by  evaporation. 

Iodoform  melts  at  240°  to  250''  F.,  and  on  volatiliiing  is  partially  d 
posed.     It  forms  green  is  li-yel  low  plates,  possessing  a  saffron  odour. 
mixed   with  wAter,  it  distils  without  alteration.     Acid  water  and  a! 
hydrates  do  not  dissolve  it,  although  it  is  soluble  in  all  oils,  ether,  and  al 
By  the  action  of  bromine,  bronioform  is  produced  ;  and  by  heating  in  a  1 
vessel  to  300°  F.   methylette  di-iodidt  results.     By  distillation  with  mercm 
chloride  it  has  been  stated  to  yield  ckhroform,  and  with  mercuric  cyanidf 
iadoeyaneform. 

A  trace  of  alcohol  in  any  iiquiil  is  said  to  be  readily  determined  by  a  li 
depending  on  the  formation  of  iodoform.  If  the  suspected  solution  be  war 
10  150°  F.,  with  a  Utile  iodine  and  sodium  hydrate,  the  reaction  of  t 
upon  the  alcohol  causes  the  deposit  of  a  yellowish  crystalline  body  of  C 
Many  gummy  matters,  sug.irs,  and  hydrates  of  hydrocarbons,  form  the  s 
f|recipitale  under  similar  circumstances ;  and  the  potassium  iodide  and  fora 
simultaneously  formed  are  dissolved  out  by  water,  in  which  the  iodoform  j 
insoluble.     The  simplest  explanation  of  the  reaction  b ; — 

C3HSHO  +  6K-HO  +  4I1  =  CHIj+sKJ  +  KCHOi  +  sHjO. 
It  may  also  be  produced  by  treating  alcohol,  mixed  i*jih  twice  its  weight  of 
CFyitaili/ed  sodium  carbonate,  dissolved  in  ten  pans  of  water,  with  its  own 
weight  of  iodine.  The  mixture  having  been  heated  to  140"  or  180°  F.  the 
predpilated  iodoform  is  separated  by  filtration.  More  alcohol  and  sodium 
caifconate  being  added,  and  chlorine  passed  through,  the  sodium  iodide 
formed  is  decomposed  by  the  chlorine,  and  iodine  is  set  free.  A  great  excess 
of  iodine  will  altogether  prevent  the  required  result.  ''" 


II.   SIMPLE  ETHERS. 

Arc  the  oxides  of  Ihc  unsaturated  basylous  hydrocarbon  radicals.  The 
only  series  which  directly  interests  us  is  the  fatty  scries,  the  simple  ethers  of 
which  may  be  prepared, — 

1.  By  heating  sulphuric  acid  with  a  continually  maintained  excess  of  thev 
■kohol.    (^c  Ethyl  Oxide.)  | 

2.  By  healing  a  h.iloid  ether  with  the  potassium  or  sodium  compound  '^\ 
Ibc  alcohol.     Example  :  ordinary  alcohol,  treated  with  metallic  sodium,  forms 
sodium  ethylatc ;  and  that  acted  upon  by  ctliyl  iodide,  yields  ethyl  oxide. 
Thus : — 

jCjHsHO  +  Naa    =  iC,HiNaO  +  Hj. 
CjHtNaO  +  CjH,I  =  (CjHj),0  +  Nal. 

Besides  the  ordinary  oxide,  we  can  have  ethers  in  which  the  oxygen  is 
combined  with  one  molecule  each  of  two  different  radicals,  instead  of  two 
nolecules  of  the  same  radical,  thus  producing  a  compound  intermediate  in  its 
boiling  point  and  general  properties.  For  instance,  taking  the  lower  end  of 
the  scries,  wc  find  : — 


Methyl  oxide 
Iktetfayl  etiiyl  oxide 
Ethyl  oxide. 


(CH,)jO         boUing  at     5-8'  F. 
CH,.CjH4.0        „      „    s»"o° 
{C,H,).0  „      „    96^° 
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METHrL  OXIDE  (Syn.  Methylic  Ether),    Pornmla,  (CH8)30, 

Is  prepared  by  heating  sulphuric  or  boracic  acids  with  a  continually  main- 
tained excess  of  methyl  alcohol. 

It  is  a  colourless  gas,  of  ethereal  odour  and  burning  with  a  pale  blue  flame. 
It  is  soluble  in  cold  water,  and  condenses  to  a  liquid  at  5**  F.  It  is  by  means 
of  this  compound  that  we  are  enabled  to  detect  ethyl  in  methyl  alcohol  Pure 
methyl  hydrate  thus  etherified  and  the  vapour  passed  through  a  receiver  kept 
at32  F.  by  ice,  should  yield  us  no  liquid  ether;  but  if  it  contain  ordinary 
alcohol,  then  ordinary  ether  will  condense. 

ETHYL  OXIDE     (Syns.  Ether.    Ethyl  Eihylate,     Sulphuric  Ether.     jEther 
Funis),  Fonnula,  (C2H5)20.  Molecular  Weight,  74.  Specific  Gravity,  *72. 
Vapour  Density,  referred  to  Air^  2*586.    Rrferred  to  Hydrogen^  37. 

Is  prepared  by  heating  a  mixture  of  rectified  spirit  of  wine  and  sulphuric 
acid  to  a  temperature  of  284^  F.,  and  causing  a  continuous  stream  of  alcohol 
to  flow  into  the  retort     The  reaction  is  produced  in  two  steps : — 

1.  The  alcohol  and  sulphuric  acid  form  ethyl  hydrogen-sulpliate  and  water: 

C3H5HO  +  H3SO4  =  C2H5HSO4  +  H3O. 

2.  The  ethyl  hydrogen-sulphate,  meeting  with  a  fresh  quantity  of  alqohol, 
forms  ethyl  oxide,  and  reproduces  sulphuric  acid,  which  can  then  etherify  a 
fresh  quantity  of  alcohol : — 

CaHgHSO^+QHgHO  =  (CaHg)^©  +  H^SO^. 

Great  care  must  be  taken  in  regulating  the  temperature  and  keeping  alcohol 
in  excess,  as,  if  these  points  l^e  not  attended  to,  die  sulphuric  acid  wiU  absorb 
the  elements  of  water  and  produce  ethylene  (olefiant  gas)  : — 

CaHgHO  +  H2SO4  =  H2SO4H2O  +  C2H4. 

The  process  is  in  theory  continuous,  but  in  practice  is  limited  by  the  fact  that 
after  a  time  the  sulphuric  acid  gets  too  weak  to  perform  its  work,  owing  to  the 
water  contained  in  the  spirit  used.  The  acid  also  slowly  volatilizes,  partly  in 
the  state  of  oil  of  wine.  The  actual  process,  as  laid  down  by  the  B.P.,  is  as 
follows  :  — 

Mix  ten  fluid  ounces  of  sulphuric  acid  with  twelve  fluid  ounces  of  rectified 
spirit  in  a  glass  matrass  capable  of  containing  at  least  two  pints,  and,  not  allow- 
ing the  mixture  to  cool,  connect  the  matrass  by  means  of  a  bent  glass  tube  with 
a  Liebig's  condenser,  and  distil  with  a  heat  sufficient  to  maintain  the  liquid 
in  brisk  ebullition.  As  soon  as  the  ethereal  fluid  begins  to  pass  over,  supply 
fresh  spirit  through  a  tube  into  the  matrass  in  a  continuous  stream,  and  in  such 
quantity  as  to  equal  the  volume  of  the  fluid  which  distils  over.  For  this 
purpose  use  a  tube  furnished  with  a  stopcock  to  regulate  the  supply,  connect- 
ing one  end  of  the  tube  with  a  vessel  containing  the  spirit  raised  above  the 
level  of  the  matrass,  and  passing  the  other  end  through  a  cork  fitted  into  the 
matrass.  When  thirty-eight  fluid  ounces  of  spirit  have  thus  been  added,  and 
forty-two  fluid  ounces  have  distilled  over,  the  process  may  be  stopped.  Dis- 
solve ten  ounces  of  calcium  chloride  in  thirteen  ounces  of  water,  add  half  an 
ounce  of  slaked  lime,  and  agitate  the  mixture  in  a  bottle  with  the  impure 
ether.  Leave  the  mixture  at  rest  for  ten  minutes,  pour  off"  the  light  superna- 
tant fluid,  and  distil  it  with  .a  gentle  heat  until  a  glass  bead  of  specific  gravtiy 
0735  placed  in  the  receiver  begins  to  float.  The  ether  and  spirit  retained 
by  the  calcium  chloride  and  by  the  residue  of  each  rectification,  may  be 
recovered  by  distillation  and  used  in  a  subsequent  operation. 

Thus  made,  ether  contains  about  10  per  cent,  of  alcohol,  and  is  a  colourless, 
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very  volatile,  and  inflammable  liquid,  cmiiiing  a  strong  and  characteristic  ■ 
odour,  and  boiling  below  105".  Specific  gravity,  0735-  It  evaporates  without  fl 
residue.  I 

Crude  ether  is  purified  from  alcohol  and  water  by  first  shaking  up  with  J 
water,  10  dissolve  out  the  alcohol,  and  then  rectifying  over  a  mixture  of  c^ilcium  I 
chloride  and  freshly  burned  calcium  oxide,  to  remove  the  water. 

It  b  then  found  to  have  a  specific  gravity  of  720,  and  boils  at  96°  F. 

Ethyl  ox  ide,burns  with  a  white  flame,  yielding  carbonic  anhydride  and  water! 
as  the  sole  products  of  its  combustion.  ■ 

When  a  drop  touches  the  skin,  it  evaporates  so  rapidly  as  to  produce  a  1 
sensation  of  extreme  cold.     It  is  only  slightly  soluble  in  water  (i  ether  in  10  " 
of  water),  but  is  entirely  miscibJe  with  alcohol.     It  is  also  an  excellent  solvent 
of  oils  and  fats,  as  well  as  of  phosphorus,  scammony  resin,  quinine,  mercuric 
and  ferric  chlorides,  and  many  other  bodies. 

The  vapour  of  ether  is  highly  inflammable,  and,  when  mixed  with  air,  j 
powerfully  explosive. 

((^Hj)jO  +     60j     =  4CO3  +  sHjO. 
3  vols.     +  I J  vols.  =  S  vols. 

Ulien  passed  through  a  red-hot  tube,  it  yields,  among  other  products,  ethene, 
methane,  aldebyd,  and  acetylene.     Ether  kept  in  a  badly  stoppered  vessel, 
rapidly  becomes  add,  owing  to  formation  of  acetic  acid,  thus  :— 
(C3Hs)jO-J-aOj  =  aC,H»O,+  H,0. 
When  ether  is  mixed  with  an  equal  volume  of  sulphuric  acid,  it  producei  J 
tulphovinic  acid : — 

(CjH())0  +  aHiSO,  =  zCjHj.HSO^i-HjO. 


III.  COMPOUND  ETHERS. 

These   include  all   salts  other  than  haloids  or  oxides  which  an  orgaoi 
basylous    radical  can  form  with  an   acid,  and    correspond  to  the  ordinary  J 
oxy-Mlts  of  mineral  chemisuy.     The  acidulous  radicals  may  be  either  organic 
or  inorganic,  but  the  basylous  radicals  must  always  be  organic. 

Compound  etliers,  generally,  may  be  pre|>ared  by  one  or  other  of  ihe  fol- 
lowing metliods. 

1.   By  the  direct  action  of  the  acid  upon  the  alcohol.     Thus,  oxalic  acid, 
heated  with  alcohol  yields  ethyl  oxalate  : — 

jC,HiHO  +  HaC,0,  =  (CsHs),C,0,+  aH,0. 

This  process  answers  well  for  non-volatile  acids  of  all  kinds. 
t.  By  distilling  the  alcohol  with  sul|>hunc  acid  and  a  sodium  or  potassium 
alt  of  the  required  acid.     Example,  acetic  ether,  B.P. : — 

CjHsHO  +  HjSO.  +  NaCsHjOa  =  CsHj.C,H,0,  +  NaHSO.  +  HjO. 

This  process  is  suitable  for  all  volatile  organic  adds  not  decomposed  by 

beatiRg  with  H,SO^.  1 

3.  By  double  decomposition  of  the  haloid  ether  of  the  required  basylous 
n^al  with  a  silver  salt  of  the  requited  acidulous  radical. 
Example,  tlie  formation  of  ethene  diacelate : — 

CjH^.Brj  +  aAgCsHjOj  =  CaH,.sCjHsOj+ aAgBr. 
The  compound  ethers  are  chiefly  used  as  flavourings ;  and  by  various  vtatk 
IS  of  their  alcoholic  solutions,  the  well-known  artificial  essences  of  [ 
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pineapples,  etc.,  are  produced  At  the  end  of  this  work  will  be  found  a  table, 
showing  how  these  essences  are  manufactured.  To  go  fully  into  the  com- 
pound ethers  would  be  beyond  the  scope  of  the  present  work,  xmd  we  will 
therefore  only  consider  a  few  of  the  salts  of  the  leading  radicals,  which  may  be 
taken  as  typical  of  all  the  others. 

Besides  the  neutral  compound  ethers  we  have  acid  compound  ethers,  such 
as  ethyl  hydrogen  sulphate,  which  can  themselves  act  as  regular  acids  by 
exchanging  their  undisplaced  hydrogen  for  metals  or  basylous  radicals. 
Thus  :— 

Ethyl  hydrogen  sulphate,  C^Hg.HSO^,  or  sulphovinic  acid, 

Ethyl  sodium  sulphate,     C3H5NaS04,  „  sodium  sulphovinate. 

(a)  Compound  Ethers  of  the  Fatty  Series  (C^H^^^yR'. 

In  considering  these,  we  shall  first  take  the  official  ones,  and  afterwards 
shortly  glance  at  the  remainder. 

ETHTL  NITBITE  (Syn.  Nitrous  Ether).    Formula,  C^Hg.KOs. 

This  substance  is  produced  by  heating  one  part  of  starch  with  ten  parts  of 
nitric  acid  and  passing  the  nitrous  acid  vapours  thereby  evolved  into  dilute 
alcohol  kept  cool  in  a  two-necked  bottle  and  connected  with  a  well-cooled 
receiver.  It  is  a  pale  yellow  liquid  with  an  apple-like  odour,  having  a  specific 
gravity  of  '947  and  boiling  at  62°  F.  It  is  not  used  pure  in  Pharmacy,  but  is 
the  chief  ingredient  in  spiritus  etheris  nitrosi,  B.P.,  which  is  essentially  an  im- 
pure solution  of  ethyl  nitrite  in  alcohol  with  traces  of  aldehyd.  It  is  prepared 
by  distilling  together  alcohol,  sulphuric  acid,  nitric  acid,  and  copper  wire.  The 
reaction  which  takes  place  is  somewhat  complicated,  but  may  be  represented 
in  one  equation,  as  follows  : — 

CgHgHO  +  HNO3  +  H2SO4  +  Cu  =  C2H5NO2  +  CUSO4+2H2O. 

The  use  of  copper  is,  doubtless,  to  cause  an  immediate  commencement  of 
the  reaction,  by  at  once  reducing  the  nitric  acid ;  but  as  the  sulphuric  acid  is 
also  present,  it  prevents  the  nitrate  radical  from  combining  with  the  copper, 
and  sets  it  free  to  act  upon  the  alcohol,  the  copper  being  found  at  the  end  ot 
the  process  in  t|;ie  state  of  sulphate.  If  copper  were  not  used,  the  nitric  acid 
would  be  reduced  by  the  alcohol  only,  and  then  a  large  quantity  of  aldehyd 
would  be  formed,  thus  : — 

2C2H6HO  +  HNO3  =  CgH^O  +  QHbNOj  +  2H2O. 

For  aldehyd  is  always  formed  when  an  oxidizing  agent  is  reduced  by  alcohol. 
It  has  been  found  impossible  to  entirely  prevent  the  formation  of  aldehyd,  but 
the  use  of  copper  reduces  the  amount  formed  to  a  minimum. 

In  practice  a  pint  of  the  spirit  is  mixed  gradually  with  2  ounces  of  sul- 
phuric acid  and  2\  ounces  of  nitric  acid,  and  the  whole  is  poured  into  a  retort 
containing  2  ounces  of  fine  copper  wire  and  distilled  at  a  temperature  com- 
mencing at  1 70°  F.  but  never  exceeding  180°  F.,  until  12  ounces  have  come  over. 
Half  an  ounce  more  nitric  acid  is  then  added,  and  3  ounces  more  distilled. 
The  15  ounces  of  strong  solution  of  ethyl  nitrite  are  then  diluted  for  use  by 
adding  2  pints  of  rectified  spirit.  Spiritus  atheris  nitrosi  thus  made  should 
be  transparent  and  nearly  colourless,  with  a  very  slight  tinge  of  yellow ;  mobile, 
inflammable,  of  a  peculiar  penetrating  apple-like  odour,  and  sweetish,  cooling, 
sharp  taste.  Specific  ^vity,  0*845.  ^^  effervesces  feebly,  or  not  at  all,  when 
shaken  with  a  little  sodium  hydrogen-carbonate  (presence  in  very  small  quantity, 
or  entire  absence  of  free  nitrous  and  acetic  acids).  When  agitated  with  a  solu- 
tion of  ferrous  sulphate  and  a  few  drops  of  sulphuric  acid,  it  becomes  deep 


NITROUS  ETHER.—ACETIC  ETHER.  igd 

olive-brown  or  black  (presence  of  nitriic).  If  ii  be  agiiRted  with  twice  itsl 
volume  of  saturated  solution  of  calcium  chloride  in  a,  closed  tube,  two  per  cenci 
of  its  original  volume  will  separate  in  tlieronn  of  etbyl  nitrite  and  rise  to  thsl 
surface  of  the  mixture. 

Only  J  of  the  whole  of  the  ethyl  nitrite  separates  on  the  addition  of  calcium 
chloride,  therefore  the  two  per  cent,  mentioned  in  the  B.P.  really  corresponds. I 
to  the  ten  per  cent,  of  pure  ethyl  nitrite  in  the  spirit  of  nitrous  elher.  I'he  ab- 1 
sence  of  free  acid  is  shown  by  the  non-effervescence  with  sodium  hydrogen-car-,J 
bonate ;  and  this  is  a  lest  to  which  very  few  commercial  specimens  will  answer.  ■ 
In  practical  dispensing,  when  specially  prescribed  with  potassium  iodide,  it  ia  \ 
most  important  to  apply  this  test  before  using  the  spirit,  as  it  would  be  likely] 
to  set  free  iodine  {su  Action  of  Nitrites  upon  Hydriodio  Acid),  and  spoil  thai 
mixture.  Spirit  of  nitrous  elher.  before  being  added  to  potassium  iodide,  I 
should  always  be  shaken  up  with  a  Utile  potassium  carbonate  to  prevent  such'l 
accidents. 


ETHYL  ACETATE   (Syn.  Acette  Elher).    Formula,  C.Hj.CjHjO... 
Kolecalu  Weight,  88. 

Produced  by  passing  carbonic  anhydride  into  an  alcoholic  solution  of  I 
potassium  acetate,  the  bye-product  (potassium  carbonate)  being  precipitated.  T 
The  reaction  is  thus  expressed  : — 

iKCjHjOj -»- aCjHsHO  +  COj  =  3C,H(.C,H„0i-(- KaCO,-fH,0. 

The  process  adopted  b  the  B.P.  is  the  distillation  of  sodium  acetate  with^ 
alcohol  and  sulphuric  acid,  sodium  hydrogen-sulphate  remaining,  and  ethyl  I 
acetate  and  water  distilling  over. 

CjHjHO  +  NaCiHjOj+HjSO,  =  C,Hs.C,HgOj  +  NaHSO.-fHA 

To  the  distilled  product  half  its  weight  of  calcium  chlotide  b  added  in  A  J 
stoppered  botde ;  and  the  whole  having  been  allowed  to  remain  together  for  I 
twenty-four  hours,  the  ethereal  liquid  is  decanted  and  rectified. 

Characters  and  Tests. — A  colourless  li(|uid  witli  an  agreeable  ethereal  odour. 
Specific  gravity,  ogio.  Boiling  point,  166°  F.  Soluble  in  all  proportions  in 
icctified  spirit  and  in  ether,  One  part  dissolves  in  1 1  or  1  >  parts  of  water  at 
60*"  F. 

According  to  Mr.  Umney,  the  above  statements  are  not  correct,  owing  to 
the  ether  not  being  rectified  over  potassium  carbonate,  as  should  be  done  in 
order  to  remove  acetic  acid.     He  says  : — 

I  had  my  suspicions  that  if  1  could  find  a  specimen  in  pharmacy  that 
vrould  answer  to  the  Fhaimacopoeia  tests,  1  should  in  all  probabihty  find  free  \ 
acetic  acid  as  an  impurity.    I  also  thought  that  some  specimens  might  be  j 
caaiaminaied  with  ordinary  sulphuric  ether. 

Accordingly  I  examined  three,  with  results  as  under : — 

SritciFic  GtAviTv.    Boiling  Point.       Frek  Acid. 

A~    '850  160°  F  .  none. 

B.    -889    .        .    158"      ,        .       „ 

f"      .  j^  0  f  10  per  cent,  of  mono- 

"  ^     '  *       ■  (  hydrated  acetic  add. 

Acetic  ether  is  a  good  solvent  of  canlharidinc, and  is  aho,  when  mixed  with 
ordiiui)'  ether,  well  adapted  for  taking  up  morphia  in  toxicological  analyses. 
Il  i>  somewhat  astonishing  that  the  excellent  process  first  inentioRed  haa 
not  been  adopted  officially. 
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ETHYL  HITRATE  (Syn.  Nitrk  Ether\    Ponnnla,  C A^O,. 

Is  prepared  by  distilling  alcohol  with  nitric  add  in  the  presence  of  urea, 
to  decompose  any  nitrous  acid  formed,  and  so  prevent  the  formation  of 
nitrite  and  aldehyd.  It  is  insoluble  in  water,  and  has  a  specific  gravity  of 
i'ii2,  and  boils  at  i86^F. 

ETHTL  SULPHATE.    Formula,  {G^^fi% 

Prepared  by  passing  the  vapour  of  sulphuric  anhydride  into  absolutely 
anhydrous  ether.  It  is  a  colourless  liquid,  at  once  decomposed  by  the  action 
of  water  into  sulphovinic  acid. 

ETHTL  H7DS0GEN-SXJLFHATE  (Syns.  Ethylsulphuric  Acid?  Sulphovinic 
Acid).    Formula,  C3H5HSO4. 

Is  prepared  by  heating  a  mixture  of  rectified  spirit  and  sulphuric  acid  to 
212°  F.:— 

C2H5HO  +  H2SO4  =  QHgHSO^  +  H,0. 

When  the  mixture  has  cooled,  it  is  freed  firom  excess  of  acid  by  digestion 
with  barium  carbonate,  and  filtering  out  the  barium  sulphate  formed.  Barium 
sulphovinate  remains  in  solution,  and  it  is  then  carefiilly  treated  with  dilute 
sulphuric  acid,  which  precipitates  barium  sulphate,  leaving  pure  ethyl  hydrogen- 
sulphate  in  solution.  As  thus  formed,  sulphovinic  acid,  as  it  is  usually 
termed,  is  a  colourless,  oily  liquid,  with  an  acid  reaction,  and  having  a 
specific  gravity  of  1*316.  It  decomposes  slowly  but  spontaneously  at  ordinary 
temperatures,  and  when  heated  with  alcohol  to  250°  F.  it  yields  ether. 

By  dissolving  oxides  or  carbonates  of  any  desired  metals  in  ethyl  hydrogen- 
sulphate,  a  class  of  salts  called  snlphovinates  is  produced. 

Sodium  sulphovinate  is  prepared  by  decomposing  barium  sulphovinate 
with  sodium  carbonate.  It  is  a  white  granular  product,  deliquescent,  .soluble 
in  07  parts  of  water  at  60°  F.,  and  also  soluble  inalcohol.  BaCU  in  solution 
should  throw  down  no  precipitate. 

ETHTL  SULPHITE.    Formula,  (C2H6)2S03. 

Is  a  limpid  liquid  having  a  specific  gravity  of  1*085,  forming  alcohol  and 
sulphurous  acid  when  it  comes  in  contact  with  water.  It  is  formed  by  the 
action  of  sulphur  dichloride,  SgClg,  or  sulphur  oxychloride,  SOClg,  on  absolute 
alcohol. 

ETHTL  HTDROGEN-SULPHITE,  or,  more  correctly,  ETHTL  STJLPHOHIC 
ACTD.    Formula,  C2H5HSO3,  or  C^^-SO^-HO. 

Is  formed  by  the  action  of  sodium  sulphite  on  ethyl  iodide.  It  can  form 
salts  like  sulphovinic  acid.  This  is  a  specimen  of  a  class  of  compounds  of 
which  an  immense  number  have  been  discovered  of  late  years. 

The  sulphonic  acids  are  viewed  as  derived  from  sulphurous  acid  by  the 
displacement  of  an  atom  of  hydrogen  by  a  basylous  radical,  thus : — 

so,<Ho.  ^o^'^Ho!  ^^2<cS3a 

(Sulphurous  Acid.)     (Methyl  Sulphonic  Acid.)    (Methyl  Methyl-sulphonate.) 

The  process  given  is  a  general  one  for  preparing  any  sulphonic  acid,  but 
they  may  also  be  produced  by  oxidizing  the  hydrosulphides  of  the  required 


COMPOUND  ETHERS.  297 


radical  by  nitric  acid.  They  are  so  stable  as  not  to  be  decomposed  by  boil- 
ing with  potassium  hydrate,  but  on  being  actually  fused  with  solid  KHO 
they  evolve  alcohol  and  yield  potassium  sulphite.  By  the  action  of  nascent 
hydrogen,  sulphonic  acids  yield  hydrosulphides  (mercaptans).  Closely  allied 
to  the  sulphonic  acids  are  the  acid  hyposulphites  called  sulphinic  adds, 
resulting  from  the  displacement  of  hydrogen  from  hyposulphurous  acid  by  a 
basylous  radical,  thus  : — 

(Hyposulphurous  Acid.)  (Methylsulphinic  Acid.) 

In  making  these  latter  compounds  the  zinc  salt  is  first  produced  by  acting 
on  an  organo-metallic  body  by  sulphurous  anhydride. 

Example — zinc  ethyl,  thus  treated,  yields  zinc  ethyl  sulphinite  : — 


Zn(C2H5)j  +  2SO2  =  (C3H5S02)2Zn. 


ITTHTL  SULPHIDES. 

Three  of  these  compounds  are  known,  as  follows  : — 

Name.  Formula.    Boiling  Point.  Preparation. 

£thyl  monosulphide   -{C^^"^^^    .     196°  F.     By  passing  ethyl  chloride  into 

an  alcoholic  solution  of 
potassium  sulphide. 

Ethyl  bisulphide    .     .    (€2115)288    .     304®    .     By  distillingethyl  oxalate  with 

p>otassium  bisulphide. 

Ethyl  trisulphide    .     .   (€2115)283   .     450**    .     By  a  similar   process    with 

potassium  pentasulphide. 

STHTL  HTDROSULFHIDE  (Syn.  Ma-capian,  or  Thuhoicohot). 
Formula,  C2H5HS. 

This  body, — which  is  a  limpid  liquid,  having  a  specific  gravity  of  '833,  and 
boiling  at  97° — has  perhaps  the  most  horribly  persistent  and  offensive  odour 
of  any  known  substance,  something  between  sulphuretted  hydrogen  and  garlic, 
but  infinitely  worse  than  either.  To  prepare  it,  strong  alcoholic  solution 
of  potassium  hydrate  of  1*3  specific  gravity  is  perfectly  saturated  with  sul- 
phuretted hydrogen,  and  the  liquid  thus  obtained,  is  distilled  with  an  equal 
Tolume  of  solution  of  calcium  ethyl  sulphate  (sulphovinate)  of  siimlar 
density.    The  heat  used  should  be  that  of  a  bath  of  salt  and  water. 

Mercaptan  is  very  inflammable,  yielding  a  bluish  flame. 


XTHTL  PHOSPHATES. 

There  are  three  phosphates,  the  first  two  being  produced  by  the  direct 
action  of  syrupy  phosphoric  acid  upon  alcohol  in  varying  proportions,  and 
the  last  by  double  decomposition  of  argentic  phosphate  and  ethyl  iodide. 
All  are  liquids,  and  the  first  two  can  form  metallic  sdts  analogous  to  sulpha- 


Monethyl  hydrogen-phosphate  (Phosphovinic  acid) .      C2H5H2PO4. 

Diethyl  hydrogen-phosphate (C2H5)2HP04. 

Triethyl  phosphate (QHJ^PO^. 


ETHTL  PHOSPHITES. 

We  have  the  neutral  and  acid  phosphites,  the  latter  called  phosphontc  a 
analogous  lo  sulphonic  acitls, 

ETHTL   BORATE    and    ETHYL  SILICATE.      Formnla,   (C^-)B< 

(C^HJ^SiO^.  "      " 

Are  both  produced  by  the  action  of  alcohol  on  the  chlorides  of  boron  iff' 
silicon.     They  are  inflammable  liquids,  evolving  when  burned  dense  while 
fumes  of  boric  and  silicic  anhydrides  respectiveiy. 


ETHTL  OXALATE,  TARTEATE,  aTRATE,  etc., 

Are  all  made  by  the  direct  action  of  the  specific  acid  upo: 


S"3T 


I 


AKYL  iriTRITE.    Formnla,  CsHi,.NOj. 

Is  produced  on  healing  starch  and  nitric  acid,  and  passing  the  gas 
into  amyl  hydrate.     The  latter  body  may  be  convenienUy  contained 
retort,  and  the  liquid  which  passes  over  must  be  redistilled,  and  the  portion 
distilling  between  1 70°  and  1 76°  F.  collected. 

In   this    reaction    ammonium   nitrate   is  also  produced,    owing    problMy  '| 
(according  to  N.  Bunge)  to  the  nitrous  fumes  formed  being  a  mixture  of  ^MH 

eCjHiiHO  +  sNjOj  +  NjO^  =  eCjHuNOs  +  NH.NOg  +  HjO.     ^H 

It  may  also  be  prepared  by  a  similar  process  to  spirifiis  x/fitris  frinSjvl 
using  amylic  instead  of  ethylic  alcohol.     The  boiling  point  of  pure  arayl 
nitrite  is  nearly  25  degrees  lower  than  that  given  in  the  B.P.,  which  thus 
describes  it : — 

Characters  and  Tests. — An  ethereal  liquid  of  a  yellowish  colour,  and  peculiar, 
not  disagreeable  odour.  Specific  gravity,  o'Syy,  Boiling  point,  205°  F.  Ijh 
soluble  in  water.    Soluble  in  rectified  spirit  in  all  proportions. 

If  it  be  added  drop  by  drop  to  caustic  potash  wiiile  fused  by  the  application 
of  heat,  valerianate  of  ])0[ash  will  be  formed. 

The  reaction  with  fused  potassium  hydrate  is  so  violent  as  to  frequently 
cause  the  production  of  flame.  The  vapours  of  amyl  nitrite  are  orange 
coloured,  and  are  used  as  an  inhalation. 

According  to  Professor  Maisch,  as  usually  prepared  for  pharmaceutical 
purposes,  this  body  is  exceedingly  impure,  and  the  author  recommends  the 
following  method  for  obtaining  a  better  product     Amyl  alcohol,  freed  from 
ethyl  alcohol  by  shaking  with  salt  water  and  subsequent  distillation,  is  mixed 
in  a  capacious  retort  with  about  an  equal  weight  of  nitric  acid,  and  gently 
warmed  till  boiling  commences,  when  the  fire  is  withdrawn  and  the  action  - 
allowed  to  complete  itself.     As  soon  as  the  thermometer  rises  above  100°  the  s 
receiver  is  changed,  and  the  distillate  obtained  below  that   temperature  is  a 
shaken  with  caustic  lime  or  its  carbonate,  and  the  oily  liquid  remaining  is^ 
again  distilled  and  the  portion  coming  over  between  96°  and  loo'^  collectedlE 
as  amyl  nitrite. 

AMTL  ACETATE.    Formnla,  CjH^.CsHjOa. 

Produced  by  distillation  of  a  mixture  of  amyl  hydrate,  potassiur 
and  sulphuric  acid.     The  following  equation  represents  the  reaction  1I 
occurs : — 

CjHiiHO  +  KCjjHjOj  +  HaSO^  =  CBHu.CsHgOj  +  KHSO^  +  E 


COMPOUND  ETHERS.— GLYCERIDES. 

This  is,  when  diluted  with  alcohol,  the  artificial  essence  of  jargonelle  p 
It  is  purified  by  digestion  with  calcium  oxide  and  rectification  over  calciiu 
chloride.     It  has  a  sp.  gr.  of  about  -864,  is  insoluble  io  water,  soluble  ii 
hydTate  and  elher,  and  slowly  decomposed  by  polaasium  hydrate. 


AKTL  TALESIAN ATE.    Formula,  C^Hn-C^HgOr 

Is  produced  in-the  manufacture  of  valerianic  acid.     By  [he  action  of  sodiuv 
hydrate  it  forms  sodium  valerianate  and  amyl  hydrate,  by  double  decomp< 
tioa     It  is  an  agreeably  smelling  oily  liquid,  used,  when  dissolved  in  alcohc 
as  an  anifipial  essence  of  apple.     The  liqulcf  which  is  mentioned  in  the  BJ 
as  floating  to  the  surface  when   the  distiiJate  obtained  in  the  manufacture'] 
sodium  valerianate  is  neutralized,  cousists  chiefly  of  this  body. 


CETTL  PALMITATE  (Syn.  Cetme).     Formala,  C,4Hj3.CijH,i0j. 

Is  the  chief  constituent  of  spermaceti  {cdaceum,  B.I'.),  and  thus  described  : — 

Nearly  pure  cetine,  obiained,  mixed  with  oil,  from  the  head  of  the  spc^ 
whale,  I'hyieter  ma(ro(cphalus,  Linn.,  inhabiting  the  I'acific  and  XadU 
Oceans,  It  is  separated  from  the  oil  by  filtration  and  pressure,  and  aflcrw  " 
purified. 

Characters  and  Tfsts. — Crystalline,  pearly  white,  glistening,  translucej 
with  hitle  taste  or  odour,  reducible  to  jiowder  by  the  addition  of  a  lit^ 
rectified  spirit.     Scarcely  unctuous  to  the  touch;  does  not  melt  under  100'.  J 

It  is  easily  dissolved  by  absolute  alcohol,  slightly  by  87  per  cent.  alcoh< 
and  not  at  all  by  water. 


HELISSYL  PALMITATE  (Svns.  Melimn.  Palmitalt  of  Myrieyl). 
Fommla,  C^jHaj.CigHjiOj. 
The  portion  of  bees  and  white  wax  which  does  not  dissolve  In  boiling 
spirit  is  chiefly  composed  of  this  salt.  Yellow  wax  is  the  prepared  honey- 
comb of  the  hive  bee.  Its  melting  point  is  140°  F.  \Vhen  bleached,  it  & 
white  was,  which  does  not  melt  under  1 50^'  F. 

(/')  Compotuid  Ethers  of  the  Seiiea  (C,.Erb)"Rj'. 
Arc  similar  in  formation  lo  those  of  the  fatty  series. 

(c)  Componnd  Ethera  of  the  Sories  {C^Hj„.i)'"Bj',  or  01ywrid«8. 
Under  this  head  are   included  all  the  natural  fats,  which  are  com|>oua9 
elh^TS  of  the  basylous  radical  glyceryl,  (CjHj)™,  in  combination  with  olc' 
lalmitic,  or  stearic  acids.     The  chief  ones  may  be  represented  as  follows  ;• 

Glyceryl  oleate  [oUin,  or  triolein)  .    CjHisCigH^Oi. 

Glyceryl  palrailalc  {palmitin,  or  iripalmitin)        .    CjH|3Ci(HjiO,. 
Glyceryl  slearate  {stean'n,  or  tn'stearin)        .  *^H!|3C-'igH„0». 

The  three  classes  are  known,  according  to  their  consiBtcnce,  as  oils,  biitten, ' 
or  tallows.  Hundreds  of  different  fats  and  oils  are  in  common  use,  each  of 
which  varies  in  some  respects  from  all  others.  As  a  rule,  the  odoriferous 
urinciplcs  of  fatty  substances  are  due  to  admixtures,  introduced  into  them 
uora  Uicir  sources,  or  in  the  course  of  their  preparation,  and  not  belonging  to 
their  essential  constitution.  The  processes  adopted  for  their  purification  are 
frrquently  very  com|)licate<t.  All  natural  fats  contain  a  solid  and  a  liquid 
constituent,  but  their  relative  amounts  vary  greatly ;  the  preponderance  of  the 
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solid  giving  rise  to  a  tallow,  of  the  liquid  to  an  oil,  and  s^  fairly  equal  amount 
of  each  forming  a  butter.  The  greater  number  of  fats  are  produced  by  the 
replacement  of  more  or  less  of  the  hydroxyl  of  glyceryl  hydrate  (glycerin, 
^3^63  HO)  by  the  palmitic,  stearic,  or  oleic  radicals,  water  being  the  bye- 
product. 

As  an  example,  we  may  instance  the  combination  of  stearic  acid  with 
glycerin  to  form  "  tristearin  "  :— 

C3H63HO  +  3HC18HS5O3  =  CsHeSCigHssO,  +  3HA 

From  this  it  will  be  seen  that  the  replacement  is  practically  effected  by  the 
hydroxyl  of  the  glycerin  seizing  upon  the  hydrogen  of  the  acid,  at  the  moment 
of  liberation,  to  form  water.  The  fat  thus  "  synthesized  "  can  be  analyzed  by 
the  action  of  superheated  steam  (at  480°  F.)  which  causes  a  simple  reversal 
of  the  process  : — 

C3H63C18H85O2H.3H3O  =  C3HB3HO  +  3HC18HSJO3. 

The  acidulous  portion  of  a  fat  can  only  be  separated  from  the  basylous,  so 
that  both  are  obtained  as  an  acid  and  a  hydrate,  respectively  (their  most 
stable  forms),  in  the  presence  of  water. 

This  breaking  up  of  a  fat  is  called  saponification,  and  it  dCh  also  be  per- 
formed by  boiling  with  an  alkali  or  with  an  oxide  and  water.  The  result  is, 
then,  always  the  formation  of  a  metallic  salt  of  the  fatty  acid  and  the  liberation 
of  glycerin.  Thus,  taking  the  formation  of  ordinary  soap  from  olive  oil  and 
sodium  hydrate  :— 

CSH63C18H33O3  +  3NaH0  =  3NaCi8H8s08  +  C3H53HO. 

After  boiling  the  oil  and  soda  together  until  entirely  dissolved,' the  addition 
of  sodium  chloride  will  cause  the  soap  to  float  to  the  surface,  leaving  the 
glycerin  in  solution. 

GLYCERYL  TRIOLEATE  (Syn.  OUin).    Formula,  CsH53Ci8^^2- 

Is  the  chief  liquid  constituent  of  all  oils.  If  olive  oil  be  cooled  to  32^  F. 
it  deposits  a  quantity  of  solid  fat,  formerly  called  margarin,  but  now  known  to 
be  chiefly  palmitin  with  a  little  stearin  \  and  the  portion  which  remains  liquid 
is  nearly  pure  olein.  This  body,  or  its  homologues,  exists  in  all  nan-drying  oils ; 
on  the  other  hand,  the  drying  oils,  such  as  linseed,  p^ppy,  hemp,  etc.,  contain 
linolein,  C3H53C18H27O2 ;  while  castor  oil  contains  ncinoldn,  C3H63C18H38O3, 
which  is  a  colourless  oil,  solidifying  at  32°  F.  and  yielding,  when  distilled  ^*ith 
excess  of  potassium  hydrate,  octyl  alcohol,  from  which  artificial  essenu  of  copiac, 
or  ocnanthic  ether,  is  manufactured. 

GLYCERYL  TRI-PALIOTATE  (Syn.  Palmitin),    Formula,  C^^^zxO^, 

Is  contained  extensively  in  palm  oil,  is  most  common  in  fats  in  small  quan- 
tities, and  also  in  Chinese  tallow  and  Japan  wax.  About  90  per  cent,  of  the 
so-called  margaric  acid  is  palmitic  acid.  It  is  the  more  solid  portion  of  palm 
oil,  and  is  freed  from  the  oily  medium  in  which  it  is  contained,  by  pressure, 
and  successively  treating  the  residue  with  boiling  alcohol. 

GLYCERYL  TRISTEARATE  (Syn.  Stearin).    Formula,  Q^^i^^% 

Is  the  chief  portion  of  cacao  and  shea  butters,  and  of  beef  and  mutton  suet 
.  and  animal  fats  generally.     It  is  a  white  crystaUine  solid  fat,  and  exists  in 
several  mo(!Ufications  having  various  melting  points,  ranging  from  125°  F.  to 
15^  F.     It  is  used  in  making  sqpo  animalis. 


SULPHOCARBOLA  TES,  301 


(^  Compoimd  Aromatic  Ethers. 

PHENYL   HTDROGEN-SULPHATE  (Syn.  Sulphocarholic  Acid). 
Formula,  CsHgHSO^. 

Is  produced  when  phenyl  hydrate  (carbolic  acid)  is  dissolved  ia  strong 
sulphuric  acid : — 

CeHgHO  +  H2SO4  =  CgHgHSO^  +  HgO. 

It  gives  rise  to  a  class  of  salts  called  sulphocarbolates,  which  are  now  of 
medicinal  interest  Their  introduction  is  due  to  Dr.  Sansom.  Those  of 
sodium,  potassium,  magnesium,  calcium,  iron,  copper,  and  zinc  have  been 
prepared.  Solution  of  ferric  chloride  strikes  a  niby  or  violet  tinge  with  these 
salts.  They  may  all  be  prepared  by  direct  solution  of  the  oxide  or  carbonate  of 
the  desired  metsd  in  phenyl  hydrogen-sulphate.  The  purification  of  the  crude 
sulphocarholic  acid  is  conducted  exactly  as  directed  under  ethyl  hydrogen- 
sulphate.  The  great  advantage  of  sulphocarbolates  is,  that  they  possess  all 
the  medicinal  and  antiseptic  properties  of  carbolic  acid  without  its  unpleasant 
odour  or  its  caustic  character. 


ZINC  SULPHOCABBOLATE  (Syn.  Phenyl  Zinc  Sulphate). 
Formula,  ZxiCCsHgSO^)^. 

Produced  by  dissolving  zinc  oxide  in  sulphocarholic  acid  : — 

ZnO  +  2CeH5HS04  =  Zn{C^Y{^SO^^  +  H^O ; 

and  then  purified  by  crystallization  from  alcohol. 

It  is  almost  devoid  of  smell,  and  is  soluble  in  water  and  in  alcohol  In 
the  formation  of  these  salts  the  sulphocarholic  acid  should  be  derived  from 
chemio^lly  pure  sulphuric  acid  (specific  gravity  1*823)  and  carbolic  acid 
(Calvert,  No.  2). 


CHAPTER  XVIII. 
ALDEHVDS,  KETONES,  PHOSPHINES,  ETC 


I.  ALDEHYDS. 

These  bodies  are  produced  by  the  oxidation  of  alcohols,  and  maybe  viewed  as 
the  hydrides  of  the  oxygenated  radical  corresponding  to  the  alcohol  radicals. 

{a)  Aldehyds  from  Monatomic  Alcohols,  CnH^ii-iO*^ 

These  are  all  derived  from  the  alcohol  by  the  simple  substitution  of  O  for  H^. 
They  are  produced, — 

1 .  By  distilling  the  alcohol  with  an  oxidizing  agent 

2.  By  heating  the  calcium  salt  of  the  corresponding  acid  with  calcium 

formate : — 

Ca2C2H302  +  Ca2CH02  =  2C2HSO.H  +  2CaCOs. 

3.  They  occur  ready  formed  in  some  essential  oils. 

The  aldehyd  is  usually  named  after  the  acid,  and  not  the  alcohol;  thus,  that 
from  ethyl  alcohol  would  be  called  acetic  aldehyd.  Aldehyds  may  be  recon- 
verted into  the  corresponding  alcohols  by  the  action  of  alkaline  hydrates,  a 
salt  of  the  corresponding  acid  being  simultaneously  produced.  Thus,  benzoic 
aldehyd  (oil  of  bitter  almonds)  yields  benzyl  hydrate  and  potassium  benzoate 
when  treated  with  potassium  hydrate  : — 

iC^Ufi  +  KHO  =  C7H7HO  +  KC7H5O2. 

Nascent  hydrogen  also  reconverts  aldehyds  into  alcohols.     Example  : — 

C3H4O  +  Hj  =  CjHgHO. 

Aldehyds  are  characterized  by  all  forming  insoluble  compounds  with 
potassium  acid  sulphite ;  and  this  principle  is  taken  advantage  of  in  separating 
and  obtaining  them  in  a  pure  state.  They  are  usually  converted  into  the 
corresponding  acid  by  simple  exposure  to  the  air. 

{b)  Aldehyds  of  the  Fatty  Series. 

This  series  of  bodies  commences  with  formic  aldehyd,  CHO.H,  and  ends 
with  Euodic  aldehyd,  CnHgiO.H. 

ACETIC  ALDEHYD  (Syn.  Acetyl  Hydride).    Formula,  C2H3O.H. 

Is  produced  when  alcohol  is  distilled  with  sulphuric  acid  and  manganese 
peroxide,  potassium  dichromate,  or  potassium  permanganate.  The  distillate 
is  purified  by  precipitation  with  potassium  hydrogen-sulphite  and  decom- 
position of  the  precipitate  so  obtained  by  sodium  carbonate,  when  the  pure 
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aldt-'hyd   separates  and    may   be    rectiited   over  calcium    chloride. 
colourless  liquid  with  a  powfcrful  ethereal  odour ;  having  a  specific  gravity  of 
•807  and  boiling  at  71°  F,   Exposed  to  the  air,  it  changes  to  acelic  acid; 
this  action  takes  place  very  rapidly  in  the  presence  of  platiuum- black. 

ACETAL.     Formala,  C^Hi^O^,  or  C^H^O. 

May  be  viewed  as   a  compound    of   aldehyd  with  ethyl  oxide,  thus  ^ 
C|H,0.(C3Hi)jO.     It  is  a  colourless  liquid,  having  a  specific  gravity  of  "Sa^ 
and  boiling  at  219°  F.,  and  is  produced,  with  other  compounds,  when  alcolu" 
is  heated  with  aldehyd.     It  is  obtained  pure  by  passing  hydrochloric  acid  g 
into  a  solution  of  aldehyd  in  absolute  alcohol  and  heating  the  coiupounil  tf 
formed  with  sodium  e  thy  late. 

TEICHLOEAIDEHYD  (Svn.  Chloral).    Fonanla,  CtHCl^O. 

To  understand  ihc  constitution  of  this  body,  it  is  necessary  to  remember 
Ihat  alcohol,  subjected  to  the  action  of  oxidizing  bodies,  such  as  we  havese< 
chlorine  to  be,  yields  aldehyd,  CjH^O.     If  we  suppose  three  atoms  of  tl 
hydrogen  of  the  latter  substance  to  be  replaced  by  chlorine,  we  shall  haVI 
trJMarinattd  aldehyd,  or  irichloraldehyd,  or  chloral,  CjHCljO. 

It  is  prepared  by  causing  a  continuous  stream  of  perfectly  dry  chlorine  tl 
pass  through  absolute  alcohol  as  long  as  absorption  lakes  pl.ice.     The  procea 
which  takes  many  hours  and  even  days,  is  first  conducted  in  the  cold  ;  buv] 
towards  (he  end  the  temperature  is  gradually  increased  to  the  boiling  point  • 
This  yields  crude  chloral,  which  is  purified  by  digestion  with  three  times  tts4 
bulk  of  strong  sulphuric  acid.     The  chloral,  which  rises  to  the  top,  having  I 
been  drawn  off.  is  redistilled ;  and  this  having  been   repeated  several  timet,  J 
the  b*t  product  is  distilled  from  calcium  oxide.    Thus  prepared,  chloral  is  a^ 
oily  colourless  lifjuid  having  a  density  of  1  -502.    It  is  used  10  prepare, — 

CELOBAL  HYDRATE.    Formula,  CjHCLjO.]^0. 

\Vhich  is  produced  by  adding  a  very  little  water  to  the  chloral  prepared  a 
above.     On  thus  mixing,  great  heat  is  evolved,  and  the  chloral  hydrate  i  _ 
foirned,  which  crystallizes  in  plates  or  needles  of  great  brilliancy,  emitting  u 
peculiar  odour,  and  possessing  an  exceedingly  disagreeable  taste.    To  lake  U 
simplest  view  of  the  whole  reactions : — 

CjHjHO  +  4C!,j  -  C,HC1,0  +  5HCI. 

CgHCijO  +  HgO  =  CjHClsO.HjO. 

This  equation,  however,  does  not  represent  the  actual  reactions  which  takel 

place,  nor  does  it  account  for  the  formation  of  the  intermediate  producttJ 

which  are  formed  on  prematurely  arresting  tlic  process. 

The  following  equations,  we  believe,  satisfy  all  requirements. 
The  first  action  results  in  the  formation  of  aldehyd : — 

CiH„0  +  CI,  =  C^Hp  +  aHCl. 
In  the  second,  motto-chlor-ether  forms  : — 

iQH.O  *  aCaHjO  +  aHCl  =  2CaHs(CjH,CI)0  +  iH^O. 
From  the  third,  Ulra-chlor-tther  results  : — 

sC,H((C;H,Cl)0  4-  6CI,  =  aC,HiCC,HCUO  +  6HCt. 
Fonrttily,  chloral  is  formed,  together  with  alcohol  and  hydrochloric  acid  :- 
C,H4(CjHCIJ0  +  HjO  =  CjHCljO  +  C,H,0  +  HCI. 
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Chloral  hydrate  is  a  translucent  solid,  and  in  reality  is  only  hydrated  chloral, 
/.^.,  chloral  combined  with  water  of  crystallization ;  not  a  true  hydrate,  which 
consists  of  a  metal  or  basylous  radical  combined  with  hydroxyL  The  dilorine 
in  chloral  is  not  combined  as  in  chlorides  generally,  no  precipitate  falling  on 
the  addition  of  argentic  nitrate.  Hydrated  chloral  may  be  sublimed  without 
decomposition,  and  forms  a  white  mass  of  small  powdery  crystals,  which  fuse 
at  about  iii°  R,  and  volatilize  at  208°  F.  The  fused  mass  commences  to 
solidify  at  120°  R,  and  if  the  chloral  be  mixed  with  fragments  of  broken  glass, 
it  will  begin  to  boil  at  205°  F.  It  dissolves  bromine,  phosphorus,  and  iodine, 
forming  a  purplish  solution  with  the  latter.  After  a  time  hydrated  chloral  has 
been  stated  to  lose  its  solubility  in  water ;  but  this  property  can  be  restored  to 
it  by  sublimation,  or  digestion  with  water.  In  contact  with  the  blood,  and 
also  with  alkaline  hydrates,  it  yields  chloroform,  the  slow  formation  of  whick 
secures  a  more  lasting  effect  than  the  use  of  the  latter  itself. 

The  action  of  potassium,  ammonium,   and  calcium    hydrates    produces 
formates  and  chloroform,  thus : — 

C2HCI3O  +  KHO  =  KCHO3  +  CHCI3. 

The  calcium  hydrate  is  used  to  eflfect  this  reaction  when  it  is  employed  in 
determining  the  value  of  samples  of  chloral  hydrate,  as  it  gives  the  most 
reliable  results,  through  the  action  being  less  violent,  and  therefore  less  liable 
to  be  complicated  by  the  formation  of  the  products  arising  from  an  excess  of 
alkaline  hydrate.  These  are  chloride  and  formate,  and  are  produced  as  shown 
'below : — 

CHCI3  +  4KHO  -  3KCI  +  KCHO3  +  2H3O. 

The  estimation  is  conducted  in  a  flask,  into  which  are  put  30  grains  of  calcium 
hydrate  and  100  grains  of  chloral  hydrate,  with  an  ounce  of  water.  A  long 
tube  kept  cool  by  any  convenient  means  is  adapted  to  the  flask,  tiie  other  end 
passing  into  a  small  weighed  bottle  (such  as  a  specific  gravity  bottle  with  a 
stopper),  which  is  kept  at  as  low  a  temperature  as  may  be  found  practicable. 
The  heat,  which  is  to  be  applied  to  the  flask  when  all  is  complete,  should  not 
exceed  180°  F.  When  chloroform  ceases  to  come  over,  the  weight  of  the 
contents  of  the  bottle  should  not  be  less  than  70  grains. 

Chloral  can  act  upon  hydrates  of  such  radicals  as  ethyl  to  form  substances 
resembling  its  hydrate.  Of  these  bodies,  termed  "  dcoholates,"  the  one 
obtained  from  ethyl  hydrate  is  alone  important.  It  is  a  white  solid,  crystalli- 
zing in  clear  needles,  which,  unlike  the  hydrate,  tiuns  sulphuric  acid  brown. 
Nitric  acid  of  32  per  cent.  (1*2  sp.  gr.)  gives  abundant  fumes  when  warmed 
with  the  alcoholate,  none  when  the  hydrate  is  substituted. 

{c)  Aldehyds  of  the  Acrylib  Series,  CnH2n-30.H. 

These  are  derived  from  their  alcohols  in  a  similar  manner  to  the  aldehyds 
already  studied,  but  are  unsaturated  compounds  capable  of  combining  with 
two  equivalents  of  a  monad  element  or  radical. 

ACRYLIC  ALDEHYD  (Syn.  Acrolein).    Formula,  C3H3O.H,  or  C3H4O. 

Is  the  cause  of  the  irritating  odour  always  accompanying  the  destructive 
distillation  of  fats  containing  glycerin.  It  is  prepared  by  heating  glycerin 
with  strong  sulphuric  acid,  which  acts'  as  a  dehydrating  agent,  thus : — 

C3H63HO  -  2H2O  =  CjH^O. 

It  is  a  highly  volatile  and  intensely  irritating  liquid,  freely  soluble  in  alcohol 
and  ether,  but  sparingly  in  water. 


CROTON  CHLORAL.- 

CBOTONIC  AIDEHYD.    FornraU,  C.HjO.H.  or  C,H„0. 

Is  supposed  lo  be  produced  from  acetic  aldehyd  by  a  process  of  duplicatioi 
in  the  uianufacturc  of — 


TEICHLORCKOTONIC  ALDEYHYD  (S\-N.  Croten  Chiaral). 
Fonnnla,  CiHjCI^O. 

Which  is  prepared  by  passing  chlorine  into  acetic  aldehyd  i 
similar  to  that  already  .described  under  chloral. 

Tlie  first  action  has  been  viewed  as  a  simple  condensation  of  the  aldehydl 
molecule  with  elimination  of  water,  thus  : — 

iCjH.O  =  C,HbO  +  HgO. 
tbeo  the  substitution  of  chlorine  for  hydrogen  takes  place  in  the  crotonicj 
aldchyd  formed ; — 

C^HjO  +  jCla  =  C«H,C1,,0  +  3HCI, 

la  contact  with  alkalies,  it  is  supposed  to  form  ally!  chlorororm  and  a  foimat^l 
thus:— 

C^HjClaO  +  KHO  =  CjHjCla  +  \ 

It  has  been  recommended  as  a  substitute  for  ordinary  chloraL 
Ijtcly    this    compound   has    been  found  to  be    really  butyric  chloral, 
CjHjCI^O,  or  irichlorobutyric  aldehyd,  and  that  the  original  name  of  croton 
chloral  IS  a  misnomer;  but  it  is  still  sold  as  such.     Its  bydiate  resembles  _ 
ordinary  chloral  hydrate  in  appearance. 


('/)  Aromatic  Aldebjds. 

BEHZOIC  ALDEHYD   (Syns.    Oil  of  Biller  Almomls.    Btmoyi  IIydride).\ 
Fonnols,  C~HsO.H, 

RcsulU  from  the  distillation  of  bitter  almonds  with  water,  owing  t 
trsnsformation  of  amygdatin  (conUined   in  bitter,  but   not  in   the  swi 
almonds)  by  a  ferment  (found  in  both  varieties)  termed  eroulsin,  or  s; 
The  representation  of  the  reaction  is  usually  as  follows  : — 

C»H„NO„  +  2H,0  =  HCN  +  qH.O.H  +  iCflHuOi. 

The  pure  hy<lridccan  be  produced  by  the  distillation  of  that  contaminated'^ 
with  hydrocyanic  add  with  calcium  hydrate  and  ferrous  chloride,  calcium 
ferrocyanidc  or  ferrous  ferrocyanide  being  formed,  according  as  calcium 
or  ferrous  salts  predominate.  Like  all  true  aldeh^-ds,  it  forms  a  definite 
crystal li^able  coraiwund  with  sodium  hydrogen-sulphite,  which,  after  washing 
and  decomposition  with  sodiiim  carbonate,  yields  the  purified  oil  of  bitter 
almonds.  Water  takes  up  ncariy  3}  per  cenL  of  benzoic  aldehyd ;  and  it  is 
also  perfectly  miscible  with  alcohol  and  ether.  When  free  from  hydrocyanic 
acid,  it  it  devoid  of  poisonnus  ptvpfrties.  The  crude  essential  oil  of  bitter 
almonds  consists  of  benzol  hydrate  contaminated  with  benzimide,  bcnzoine, 
and  benzoic  acid. 

The  first  results  from  the  combination  of  hydrocyanic  acid  with  benzoyl 
aldehyd.  If  this  be  treated  with  alcohol,  the  benzimide  is  oitractcd,  and 
wfaen  obtained  in  the  solid  state,  may  be  recognised  by  adding  strong  sul- 
phuric acid,  which  forms  a  green  (or  sometimes  bluish)  solution,  becoming 
converted  lo  red  by  standing. 
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The  second  (benzoine)  is  a  pol3nxieric  form  of  the  essential  oil,  which 
becomes  purplish  by  the  action  of  siUphuric  acid.  Its  formula  is  the  double  of 
that  body,  and  hence  it  is  regarded  as  isbmeric  with  benzyl  benzoate^  thus  : — 

It  sometimes  receives  the  denomination  of  camphor  qf  bitter  almond  oiL 
When  a  strong  heat  is  employed  in  the  preparation  or  pm&cation  of  the  oil, 
more  benzoine  is  formed  than  is  otherwise  the  case,  and  the  product  has 
higher  specific  gravity.  The  crude  oil  yields  a  dark-red  liquid  on  adding 
strong  sulphuric  acid,  which  loses  its  colour,  becoming  converted  into  an 
opalescent  yellowish  liquid  upon  the  addition  of  water.  The  ordinary  per- 
centage of  hydrocyanic  acid  in  the  impure  aldehyd  is  8  per  cent.,  but  it  may 
contain  as  much  as  14I  per  cent  Ether  and  alcohol  act  as  complete  solvents 
of  the  benzoyl  hydride  and  its  usual  impurities.  The  formation  of  benzoic 
acid  occiurs  in  the  oil  slowly  by  spontaneous  oxidation,  but  is  said  to  take 
place  least  readily  if  the  oil  be  free  from  moisture.  The  essence  of  bitter 
almonds  is  usually  composed  of  pure  benzoyl  hydride  diluted  to  one-fourth 
strength  with  alcohol.  It  may  be  tested  for  hydrocyanic  acid, — from  which  it 
is  obvious  that  it  should  be  perfectly  free, — by  any  of  the  methods  for  the 
detection  of  that  body,  of  which,  in  this  case,  ^e  sulphur  test  is  probably  the 

best 

(5^^  ^»/>^i^5  Analytical  Chemistry, /^^  64.) 

CnrNAMIC     ALDEHTD     (Syns.     Cinnamyl    Hydride,      Essential  Oil  of 
Cinnafnon).    «Formtila,  C9H7O.H. 

Is  prepared  by  heating  essential  oil  of  cinnamon,  the  major  portion  of 
which  is  this  hydtide,  with  a  strong  solution  of  potassium  hydrogen-sulphite ; 
separating  the  crystals,  drying  the  filter  containing  them  by  exposure  to  the  air, 
reducing  to  powder,  washing  with  alcohol,  re-drying,  dissolving  in  warm  dilute 
sulphuric  acid,  allowing  the  mixture  to  stand,  and  drawing  off  the  cinnamyl 
hydride  which  rises  to  the  surface.  Some  slight  impurities  existing  in  it  may 
be  removed  by  agitation  with  water  and  drying  the  washed  product 

It  is  a  colourless  liquid,  converted  more  or  less  rapidly  into  cinnamic  acid, 
and  consequently  acquiring  an  acid  reaction  by  exposure  to  the  air.  Nitric 
acid  forms  a  solid  compound  which,  when  separated  from  the  liquid  by 
pressure,  yields  a  pure  oil  on  solution  in  water,  by  which  it  is  decomposed. 

By  atmospheric  oxidation  it  gives  birth  not  only  to  cinnamic  acid  but  also 
to  a  resin.  A  substance  exists  which  is  isomeric  with  cinnamyl  hydride.  It 
is  termed  styracin,  or  meta-cinnamein ;  and  results  from  the  treatment  of 
balsam  of  Peru  with  a  solution  of  potassium  hydrate  in  alcohol  The 
cinnamic  aldehyd,  possessing  an  odour  of  cinnamon,  is  readily  distinguished 
by  the  sense  of  smell  from  benzoyl  aldehyd.  It  assumes  a  green  colour  on 
passing  into  it  a  little  hydrochloric  acid  gas. 


II.  KETONES. 

These  bodies  are  the  result  of  the  oxidation  of  secondary  alcohols.  They 
may  be  regarded  as  compounds  of  a  basylous  radical  with  the  oxygenated 
radical  immediately  above  it  in  carbon  value,  or  as  being  aldehyds  in  which 
H  has  been  displaced  by  a  basylous  radical,  tiius  : — 

Acetic  aldeyd        .        .        C^HjO.H. 
Acetic  ketone,  or  acetone      CjHjO.CHj. 


ACF.TONE.-'CACOD  YL. 

They  are  also  viewed  by  some  as  compounds  in  which  the  dyad  cai^ORyl, 
CO,  is  saturated  by  two  monad  basylous  radicals  thus  : — 
CO.(CHj)^ 

They  may  all  be  prepared  by  heating  the  calcium  salt  of  the  correspondin 
fatly  acid, 

ACETONE,  CjH„0  (Svns.  Aedic  Ketone,  CsH,O.CEj. 
Dimethyl  Ketone,  COCCHj),). 
Is  produced  by  the  heating  of  any  acetate,  preferably  calcium  acetate  ; 
is  also  one  of  the  products  of  the  dry  distillation  of  wood,     It  is  a  colourles 
limgiid  litjiiid,  having  a  characteristic  odour,  a  specific  gravity  of  792,  i 
boiling  at   131°  F.     It  is  miscible  with  alcohol,  ether,  and  water,  and  i 
inflammable,  burning  with  a  bright  Bame. 


III.  PHOSPHINES,  ARSINES,  and  STIBINES. 

These  bodies  are  analogous  to  the  amines,  and  result  from  the  displacement 
(if  hydrogen  from  PHj,  AsHj,  and  SbHj,  respectively,  by  basylous  radicals. 
They  act  as  bases,  combining  vtilh  acids  10  form  salts,  and  are  as  a  rule  liquids 
with  a  powerful  odour  and  very  inflammable. 

They  are  not  used  in  medicine,  but  as  examples  we  may  quote : — 


Name. 

Formula. 

BOILIKG   Pol.VT- 

PaerARATioN,  etc. 

r  By  the  action  of  phoa- 
\     phorous  chloride  on 

Triethylphosphine 

P(C,H.), 

361-5*  F. 

(     zinc-ethyl. 

(  By  the  action  of  ethyl  1 

Trielhylarsme 

A,(C,H.), 

384-0" 

X     iodide  on  an  alloy  of 
(     arsenic  and  sodium. 
(By  the  action  of  ethyl 

Tri  ethyl  stib  in  e 

Sb(C,H.). 

316-4° 

1     iodide  on  an  amal- 
J     gam  of  antimony  and 
V    potassium. 

Arsenic  also  forms  with  organic  radicals  unsaturated  compounds  of  \ 
basylous  nature,  but  not  on  the  ammonia  type,  and  therefore  to  be  (" 
tinguished  from  iruc  arsines.     The  most  remarkable  of  these  bodies  is,— 

AaSEK-DIHETHYL  (Syn.  Cacodyl,  Aj(CH,)a ;  in  tht  free  state.  Ab,(CH,)0.  ^ 

This  is  a  very  offensive  and  terribly  poisonous  liquid,  boiling  at  338°  F.,  and 
freezing  at  41'S''  F.  which,  when  poured  out  into  the  air,  immediately  takes 
fire  and  liberates  arsenic.     It  is  prepared  by  first  distilling  together  arsenioua 
aahydridc  and   potassium   acetate,   when  a  product  is  obtained  which 
cacodyl  oxide,  and  is  called  alkarsin,  or  Cadet's  fuming  liquid. 

4KCjHjOj  +  AsaOj  =  As,(CH3),0  +  aKjCOj  +  aCO^ 
This  liquid,   which  is  spontaneously  inflammable,  is  converted  into  the 
chlonde  by  the  oction  of  hydrochloric  acid  ;  and  from  the  latter  compound  the 
pure  cacodyl  is  produced  by  distillation  with  metallic  linc 
As,(CHj)jCI,  +  Zn  =  ASi(CHj),  +  ZnCIj. 


3o8  ALDEHYDS,  KETONES,  PHOSPHINES,  ETC. 

The  gaits  of  cacodyl  are  all  poisonous,  but  more  especially  cacodyl  cyanide, 
which  is  prepared  by  the  action  of  cacodyl  oxide  on  mercuric  cyanide.  On 
exposure  this  body  is  at  once  decomposed,  giving  both  arsenic  and  hydro- 
cyanic acid.  When,  however,  cacodyl  is  permitted  to  oxidize  in  the  presence 
of  moisture,  a  compound  called  cacody lie, acid  is  produced,  AsCCHjjJjO.HO, 
which  differs  from  all  the  rest  in  not  taking  fire  in  the  air,  and  not  being 
poisonous. 

IV.  ORGANO-METALLIC  BODIES. 

Are  compounds  of  an  alcohol  radical  with  a  metal  other  than  a  pentad. 
They  are  of  the  greatest  use  to  the  scientific  chemist,  many  of  the  most 
interesting  syntheses  having  been  conducted  through  them.  They  may  be 
produced  by  the  direct  action  of  the  required  metal  or  its  sodium  alloy  on 
the  iodide  of  the  required  radical.  As  a  distinctly  typical  compound  of  this 
class  we  may  glance  at — 

ZIHC-ETHYL   (Syn.  Zinc  Eihide).    Formula,  7a\{f^^^^. 

This  is  a  very  volatile  liquid,  which  takes  fire  on  coming  in  contact  with 
the  air,  producing  copious  fiimes  of  zinc  oxide.  It  has  a  disagreeable  odour, 
boils  at  244°  F.,  and  has  a  specific  gravity  of  i'i82.  It  is  produced  by  heat- 
ing ethyl  iodide  with  zinc  in  a  sealed  tube.  The  first  action  is  the  formation 
of  a  white  crystalline  mass  of  zinc  ethiodide,  thus  : — 

2C3HB.I  +  Zng  =  2Zn(C2H6).I. 

The  contents  of  the  tube  are  then  distilled  in  an  atmosphere  of  hydrogen, 
when  the  zinc-ethyl  is  formed  and  distils  over,  leaving  zinc  iodide  in  the 
retort : — 

2Zn(C2H6).I  =  Zn(C2H5)j  +  Znlg. 

When  brought  into  contact  with  water,  zinc-ethyl  instantly  decomposes  into 
zinc  hydrate  and  ethane,  thus  : — 

Zn(C2HB)2  +  2H2O  =  Zn2H0  +  aCaHg. 

By  the  action  of  carbonic  anhydride,  organo-metallic  bodies  are  trans- 
formed into  salts  of  the  fatty  acid  immediately  above  in  carbon  value. 
For  example,  zinc  ethide,  thus  treated,  yields  zinc  propionate : — 

Zn(C2H5)2  +  2C02  =  Zn2C3Hg02. 

On  the  other  hand,  the  action  of  carbonous  oxide  produces  ketones.  Thus, 
sodium  methide  yields  acetone  under  the  influence  of  carbonous  oxide. 

2NaCH3  +  CO  =  CHj.CgHgO  +  Nag. 


CHAPTER  XIX. 
AMMONIA   DERIVATIVES. 


In  addition  to  the  ammonium  salts  already  studied,  ammonia  can  also  fonn 
an  immense  group  of  bodies  by  the  substitution  of  radicals,  either  acid  or 
basylous,  for  one  or  more  atoms  of  its  hydrogen.  This  may  take  place  with 
one  or  more  molecules  of  ammonia,  thus  (R'  being  any  monad  radical)  : — 

(H  (R  (R  (R 

N^H      N^H    orN^R     andevenN^R' 

(h         (h  (H  (R' 

or  with  a  double  molecule  (R"  being  a  dyad  radical)  : — 

(Hj  (R"  (R"  (R" 

Nji  <  H,        N  J  H,        N J  {  R"        Ng  {  R" 

(h,  (h,  (h,  (R' 


and  so  on  through  the  types  Nj  -^  H3       N^  {  H^  etc. 


H 
N3^H 

(H; 


8  \  ^4 


S  \**4 


I.  AMIDES. 

When  the  displacing  radical  is  acidulous,  the  compound  is  called  an  amide, 
and  we  have — 

1.  Honamides. 

In  which  one  molecule  of  ammonia  has  its  hydrogen  replaced  to  a  greater 
or  less  extent    When  one  atom  only  is  displaced,  the  resulting  compound  is 

2l primary  numamicU:  example,  acetamide,  N  <  Vr  ^  ^   ' ,  When  two  atoms  arc 

displaced,  we  have  a  secondary  tnonamide:  example,  diacetamide,  N  J  Vj  ^    *   ^*  , 

Lastly,  a  tertiary  tnonamide  would  be  produced  by  the  entire  displacement  of 

r  fc  H  V 

the  whole  three  atoms  of  H :  example,  ethyl-diacetamide,  N  <  /p^jj  q\  '•    Ii^ 

the  latter  case  the  displacement  of  H  is  partly  accomplished  by  ,a  non- 
oxygenated  (basylous)  radical,  and  such  a  compound  is  called  an  alkalamide. 
Primary  Honamides,  if  volatile,  are  best  prepared  by  heating  the  ammonium 
salt  of  the  required  acid  radical :  example, — 

NH^CaHjOg  =  CaHjO.NHj  +  HjO. 

but  they  may  also  be  prepared  by  heating  a  compound  ether  of  the  required 
radical  with  an  alcoholic  solution  of  ammonia.  Thus,  ethyl  acetate  by  this 
j^rocess  will  yield  acetamide,  and  form  alcohol : — 

CaHjCgHjOa  +  NH,  =  CaH30.NHg  +  CgHjHO. 
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Insoluble  monamides  are  best  prepared  by  the  (Ut|B 
-anhydride  of  the  required  acid,  or  the  chloride  of  tblK 
for  simplicity,  to  the  same  amide,  we  have —  1 J 

(CsHjOjO  +  aNHj  =  CjHsO.NH,  +  Nl? 
CaHaO.CI  +  zNHj  =  CaHgO.NHg  +  Nj 

FOEKAKIDE.    Formula,  CHO.IIH3. 

Is  a  liquid  soluble  in  water  and  alcohol,  and  "^^SflSilB 
phosphoric  anhydride  into  hydrocyanic  acid  or  foimon  Tfc  "'*3_ 

atltV  »  ^T**  WMOMTR  OP  4 

ACETAHISE.    Fonanla,  C^HjO-N^  ^^,^  A^4)^1t'«  ^v  MPim  n 

Is  a  crystalline  solid,  melting  at  171-5°  Fahr.,  solnM  Mxrt 

and  resolved  by  the  addition  of  water  into  ammonHi  »»w^  '^  *^ 
heated  with  a  strong  acid  or  alkali. 

Secondary  Konamides  are  produced  from  the  prim;"**'**  ^ 
of  dry  hydrochloric  acid  at  an  elevated  temperature,  i  ^  j- »  ^ 
yields  diacetamtde 

2G,HjO.NH,  +  HCl  =  (C,HjO)sNH-H^^^ 
Alkalamidea  are  formed  by  heating  a  compound  s>t^'V 
ethyl-acetamide :- 

CaHi.CjHA  +  QHj.NHs  =  N^  (CjHjO)' +  C^,HO. 

Tertiary  Xonamidei  are  produced  by  the  action  of  an  acid  chloride 
alkalamide  ;  thus,  acetyl  chloride  and  ethyl-acetamide  yield  ethyl  diaceta"  A^ 
and  hydrochloric  acid,  tamide 

2.  Diamidea. 

Result  from  the  displacement  of  hydrogen  from  two  molecules  of  amm     ■ 

by  a  dyad  oxygenated  (acid)  radical.     They  are  best  prepared  by  lieatin^h* 

ammonium  salt  of  the  required  radical    Thus,  by  heating  ammonium  oxal  7^ 

we  obtain  oxamtde  ; —  *aiate, 

(NHJjCjO,  =  CjOj-NaH,  +  iHjO ; 
or,  by  the  action  of  ammonia  on  a  compound  ether  of  the  required  acid  as  ' 
the  case  of  tartramide,  prepared  by  heating  ethyl  tartrate  with  amaion'" 

(CjH^VC^H.Og  +  aNHj  =  QH.O^.NaH.+  zCH.HO. 


instead  of  ammonia.    Thus,  by  heating  ethyl  acetate  wij^'^jj^ «  j)m.-w»  t    -  «■ " 


UREA  (Syk.  Carbamide).    Pormnla,  Kj  ^  H,;  wCO'.KjH,. 

Exists  in  the  urine,  and  is  derived  from  the  oxidation  of  the  nitrogenous 
tissues  of  the  animal  system,  of  which  it  is  one  of  the  final  products.  It  may 
be  isolated  from  urine  by  simple  evaporation,  extraction  of  the  residue  bv 
alcohol,  and  recryst alligation,  also  from  strong  alcohol.  But  it  may  be  also 
prejiared  by  synthesis,  directly  from  its  elements  ;  because  it  has  been  formed 
by  simply  heating  ammonium  cyanate,  which  then  clianges  into  urea. 
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I>iiriDg  this  change  it  1o5<:s  nothing,  and  it  is  thererore  a  simple  reairange- 
t  of  the  elements  of  the  molecule  : — 

(CO 
NHXNO 


(CO 
■  N,  <  H, 


Ammonium  Cyanate  =  Urea, 
practice,  aitificiai  urea  is  made  by  fusing  logetlier  potassium  cyanide  and 
lead,  dissolving  in  water,  adding  ammonium  sulphate,  evaporating  to  dry- 
i»ess,  and  extracting  the  urea  with  boiling  alcohol,  which  does  not  dissolve  the 
ilphaie  formed. 

I.  KCN  +  PbjO.  =  KCNO  +  3PbO. 

3.  aKCN0  +  {NHj)4S0,  =  aCO'.NjH^+KjSO*. 

When  urine  is  evaporated  to  dryness,  and  the  alcoholic  extract  of  the   resi- 
le is  treated  with  nitric  acid  and  evaporated,  it  deposits  crj'stals  of  urea 

tnttBte,  which  are  well  defined  under  the  microscope. 

Urea  crystallizes  in  colourless  4-sided  prisms  soluble  in  water  and  alcohol. 

Xletttcd,    it    gives    oHf    ammonia    and    is    converted    into    cyanuric    acid. 

(Sof  Cyanates,  pa^  1 83.) 

3,  TriamideB. 
-Arc  derived  from  three  molecules  of  ammonia,  and  an  example  of  them 

is  found  in  alramide,  which  is  a  crystalline  solid,  obtained  by  the  Action  of 

alcoholic  ammonia  upon  ethyl  citrate. 

{CiHB)jCgH50,-i-3NHj  =  CjHjO^.NaHa -(- 3Cj,HjH0. 

4.  Amic  Acids. 

Aie  monamides  in  which  one  hydrogen  has  been  displaced  by  a  dyad  oxy- 
genated radical  having  one  of  its  atomicities  saturated  by  hydtoxyl,  thus  : — 
Ammonia.  Monamide.  Amic  Acid. 

HO')' 


N.^  H 

H 


(h  U 


They  are  produced  by  heating  the  acid  instead  of  the  nonnal  ammonium 
salt  of  the  required  radical.  For  example,  we  have  seen  that  ammonium 
oxalate,  healed,  yields  oxamide;  but  if  we  heat  ammonium  hydrogen  oxalate, 
we  obtain  oxamic  a^id.     Thus,  comparing  the  two  reactions,  we  have : — 


((C,0,)" 
(NH,),C,0,   =   N,{H,         +!H,C 
(H, 

(.H 


(  (C,0,.HO)' 
NH.HCO,  =  nJh  +H,0. 


it  only  one  of  interest  in  pharmacy  is — 

nc  ACID.    Formula,  (CO.HO>'NHj. 

:ompouod  is  not  known  in  the  free  state,  but  it  acts  as  a  monad  acid 
„  neatomofH  replaceable  by  a  base  and  leaving  (NHjCOa)' as  the  radi- 
calof  a  dassof  salts  called  carbamates.  Ammonium  carbamate,  NH^.NHjCOs, 
may  be  prepared  by  passing  dry  carbonic  anhydride  and  ammonia  into  abso- 
■  ■— -B  alcohol,  and  heating  the  crystalline  precipitate  thus  formed  in  a  sealed 
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tube  to  220^  Fahr.  Ammonium  carbamate  forms  in  bold  crystals,  which, 
when  further  heated  in  a  sealed  tube  to  280°  Fahr.,  are  converted  into  urea 
and  normal  ammonium  carbonate. 

2NH^NHjC02  =  C0.NjH4  +  (NH  JaCOj. 
It  exists  in  official  carbonate  of  ammonia  {seepage  142). 


II.    AMINES. 

When  the  radical  displacing  the  hydrogen  from  ammonia  is  basylous,  the 
resulting  compound  is  called  an  amine  j  and  we  can  have  an  exactly  similar 
arrangement  of  amines  to  those  we  had  of  amides^  viz. : — 

Primary.  Secondary.  Tertiary. 

(  C3H5  {  CqHs  (  CoHr 

(H 
(Ethylamine).  (Diethylamine).  (Triethylamine). 

Amines  are  powerful  bases,  and  can  unite  with  acids  to  form  salts.  Their 
behaviour  in  this  respect  is,  however,  that  of  ammonia,  (NH3)",  and  not  of 
ammonium,  (NHJ'.  Thus,  the  ordinary  compound  of  hydrochloric  acid  and 
ammonia  may  be  viewed  in  two  Hghts, — 

1.  As  ammonium  chloride,  (NHJ'Cl',  in  which  the  hydrogen  of  the  HCl 
unites  with  the  ammonia  to  form  the  basylous  radical  (NH^',  which  then  joins 
with  the  chlorine  to  form  a  salt. 

2.  But  the  same  compound  may  be  considered  to  be  hydrochlorate  of 
ammonia,  (NH8)".H'Cr,  in  which  the  NHg  joins  with  the  entire  HCl,  and  the 
nitrogen  simply  exercises  its  full  pentad  atomicity  instead  of  its  latent  triad, 
thus: — 

<NE^  «=NEi 

(Ammonia).  (Ammonia  Hydrochlorate). 

It  is  on  this  latter  type  that  the  salts  of  amines  are  based ;  and  therefore, 
instead  of  speaking  of  ethylamine  iodide,  we  call  it  ethylamine  hydriode, 
and  write  it  NH2(C2H6)'.HI,  etc. 


oeconaary.  1  emary. 

f  CjHg  (  CgHfi 

N^QHg  nJqHs 


1.  Monamines. 

These  bodies  may  be  produced  by  heating  the  iodide  of  a  non-oxygenated 
(basylous)  radical  with  alcoholic  ammonia  to  212^  in  a  sealed  tube,  and  then 
distilling  the  resulting  hydriodide  of  the  amine  with  potassium  hydrate. 

Thus  by  this  treatment  we  obtain  ethylamine : — 

CjHgl  +  NHj  =  NHgCCaHg/.HI. 
NH2(C2H6y.HI  +  KHO  =  NH2(C2H6)'  +  KI  +  HgO. 

By  repeating  the  process,  using  the  primary  amine  instead  of  anmaonia,  we 
get  diethylamine : — 

C2HbI  +  NH2(C2H6)  =  NH(C2H6)2'.HI. 
NH(C2H6)2.HI  +  KHO  =  NHCCjHJa'  +  Kl  +  HjO. 

By  again    repeating  the    process  with  the   secondary  amine,    we    obtain 
triethylamine : — 

C2H5I  +  NH(C2H5)3  =  N(C2H6)3'.HI. 

N(C2H6)3,HI  +  KHO  =  N(C2H6)3'  +  KI  +  H20. 


MONAMINES.—TRIMETHYLAMINE.- ANILINE. 

By  regulating  the  proportions  of  Che  iodide  and  the  alcoholic  ammonia, 
either  of  the  amines  may  be  at  once  obtaioed,  without  going  all  through 
die  above  steps ;  but  the  primary,  secondary,  and  tertiary  compounds,  if 
mixed,  cannot  be  separated  by  fractional  distillation.  The  lowest  possible 
amine,  namely,  metbjlamine,  NHa(CHj)',  is  a  colourless  gas,  and  is  of  all 
known  gaseous  bodies  the  roost  soluble  in  water.  Trunethylamine,  N(CHs)j', 
isomeric  with  propylamiae,  NHjfC^H^)',  is  a  very  volatile  liquid,  existing 
to  a  large  extent  in  herring  pickle  and  in  cod's  liver,  the  disgusting  odour  of 
both  of  which  is  due  to  its  presence.  It  is  found  also  in  small  quantities 
in  cod  liver  oil,  and  is  formed  when  codeine  and  uarcotine  are  distilled  with 
poiaasium  hydrate. 

It  is  also  evolved  when  atropine  is  heated  with  potassium  dicliromate 
and  sulphuric  acid,  and  the  resulting  solution  heated  with  potassium  hydrate. 

ETHYLAUIKi;.    Formula,  KHj{CjKO'- 

ti  a  colourless  liquid  with  a  strongly  ammoniacal  smell,  boiling  at  6 
and  emitting  an  inflammable  vajrour. 

DIETHTLAMINE.    Pormola,  NflCCjHj)^. 

Is  also  a  colourless  liquid,  very  alkaline,  and  boiling  at  i58'5°  F. 

TEIETHTLiMINE.    Pormola,  HCC^H^y 

Resembles  ihe  former  compound,  but  boils  at  191°  F.  

When  mixed  with  dry  ethyl  iodide,  a  powerful  reaction  ensues,  and  S  wU 

cr)'stalline  mass  of  tetrethyl-ammoninm  iodide  is  formed  : — 
N(CgHj)g  +  CgH,l  =  N(CjHi}J. 
This  salt  is  soluble  in  water,  and  when  a  solution  is  shakeD  up  with  fj 

precipitated  argentic  oxide  and  filtered,  a  colourless  liquid  called  tetietli, . 

ammoniom  hydrate,  N(C;H()^HO,  is  formed.    Iliis  liquid  is  strongly  allcaliiu 

maybe  boiled  without  decomposition,  and  remarkably  resembles /(^«t>r/i>/<ii 

in  all  its  reactions,  even  to  tlie  extent  of  precipitating  the  same  metals. 

neutralising  this  fluid  wiib  adds,  the  otiicr  salts  of  tetiethyl-atumoniura  s 

be  prepared. 

PHENYLAMIKE  (Svn.  Anilitx).    Fomtila,  N-J  H    '  =  C(H,H. 

|h 

This  body,  in  which  one  atom  of  the  hydrogen  of  ammonia  has  been  d 
placed  by  the  basyious  radical  phenyl — (CjH|) — is  produced  in  immense 
rfuantities  by  the  reduction  of  nitrobenzene.     This  reduction  is  usually  efiiected 
by  nascent  hydrogen,  by  adding  the  nitrobenzene  to  zinc  and  sulphuric  acid!, 
or  more  commonly,  on  tlic  large  scale,  to  iron  and  acetic  acid ;  ihea  sepiei 
ndng  the  aniline  formed  by  distillation  : — 

C„HiNO,  +  3Hj  =  CjHiN  +  jHA 

Aniline  is  an  oily,  colourless  liquid,  sparingly  soluble  in  water,  but  freely  I 
alcohol  and  elher.     It  has  a  specilic  gravity  of  I'o^ft  at  33°,  and  boils  I 

s*-*"*-'-       ....  ™ 

By  oxidation  aniline  yields  the  splendid  mawe  and  similar  colours  win  % 
which  we  arc  now  so  familiar,  their  origin  being  due  to  our  talented  country- 
man, .Mr.  I'crkin,     The  oxidants  employed  in  the  arts  are  very  numerous ; 
but  in  applying  the  reaction  for  the  testing  of  aniline,  we  generally  employ 
(kloriHattd  lime  or  potassium  chlorate.    (&ir  mtrobemene.) 
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The  following  are  some  of  the  chief  aniline  dyes : — 

1.  J^auve,  or  aniline  purple,  is  the  sulphate  of  a  base  called  mauvdmy 
CS0H24N4,  and  is  prepared  by  the  action  of  potassium  dichromate  on  aniline 
sulphate. 

2.  Magenta,  or  aniline  red,  is  a  base  called  rosaniUne,  QoH^gNg,  is  pre- 
pared by  heating  aniline  with  arsenic  acid.  This  product  is  usually  dissolved 
in  water,  precipitated  by  sodium  hydrate,  and  the  precipitate  dissolved  in  acetic 
acid,  thus  forming  acetate  of  rosaniline,  which  b  the  raseine  of  commerce.    ^ 

3.  Blue  and  vioUt  are  obtained  by  feting. on  rosaniline  with  excess  of  aniline ; 
and  the  latter  is  also  made  by  actmg  on  rosaniline  with  ethyl  iodide,  forming 
triethyl-rosaniline  hydriodide. 

4.  Grem  is  produced  from  magenta  by  heating  with  aldehyd  and  sulphuric  ' 
acid. 

5.  Black  IS  produced  by  acting  on  aniline  with  potassium  chlorate  and 
cupric  sulphate.  It  is  absolutely  indestructible,  and  many  of  the  newer  mark- 
ing inks  are  simply  made  with  aniline  hydrochlorate,  potassium  dichromate, 
and  cupric  sulphate.  They  have,  however,  a  tendency  to  rot  the  fabric  unless 
very  carefully  made. 

2.  Diamines. 

These  are  derived  from  two  molecules  of  ammonia,  the  hydrogen  of  which 
is  displaced  by  dyad  basylous  radicals.  They  are  prepared  like  monamines, 
using  the  haloid  ether  of  a  dyad  radical.  Thus,  ethene  diamine  is  a  colourless 
liquid,  boiling  at  255°  Fahr.,  which  is  prepared  by  heating  ethene  bromide  in 
a  sealed  tube  with  alcoholic  ammonia,  and  distilling  with  potassium  hydrate : — 

CjH^Brg  +  2NH8  =  N3H4(C8HJ."2HBr. 
N2H4(C2H^".2HBr  +  2KHO  =  ll^^JS^^n;)"  ^  2lljd -^  lYiEr. 

The  secondary  and  tertiary  diamines  are  formed,  like  the  corresponding 
monamines,  by  repeating  the  process,  using  the  diamine  instead  of  ammonia. 
Besides  the  Diamines  we  can  have — 


Triamines  from  N«  \  Hj 

H, 

Also  Tetramines  from 


NjJ 


nJh, 

CH4 


To  the  latter  class,  doubtless,  belong  several  alkaloids,  such  as  caffeine, 
(CgHjoN^O^),  and  theobromine,  (C7H8N4O2),  but  the  constitution  of  their 
molecules  is  not  yet  discovered.  There  are  many  similar  bodies  of  which  we 
are  still  unable  to  fix  the  exact  constitution,  and,  whether  amides  or  amines, 
we  call  them  componnd  ammonias.  Berzelius  was  the  first  to  point  out  that 
all  the  alkaloids,  which  constitute  the  active  constituents  of  so  many  articles 
of  materia  medica  derived  from  the  vegetable  kingdom,  were  probably  only 
compound  ammonias.  A  few  alkaloids  have  been  already  proved  to  be  so, 
and  the  displacing  radicals  have  been  fully  recognised  \  but  the  bulk  of  them 
yet  await  better  processes  for  the  investigation  of  their  molecular  constitution. 
In  the  present  state  of  our  knowledge  an  alkaloid  must  be  defined  as  "  an 
organic  base  analogous  to,  or  derived  from,  ammonia,  and  possessing  the  power 
of  combining  with  acids  to  form  salts."  Like  amines,  an  alkaloid,  in  com- 
bining with  an  acid,  acts  as  NH3  would  do,  and  not  like  the  NH^ ;  ue,,  it  does 
not  displace  the  hydrogen,  but  combines  with  the  whole  acid,  thus : — 

NH,HC1  CiyHi^NOsHCl 

(Ammonia  Hydrochlorate).  (Morphia  Hydrochlorate). 


COmiNE.—NlCO  TINE. 


III.  VOLATILE    ALKALOIDS. 
COITIBE  (Conia).    Formula,  C,Hi^. 

Is  a  no n -oxygenated  substance,  which  constitutes  the  active  principle  < 
Cenium  macuiatum,  in  which  it  is  usually  accompanied  by  another  alkaloidfl 
called  methylconine,  CgH.,NCHj,  which  la  conine  having  one  atom  of  tO^ 
h)-drogen  displaced  by  metnyl. 

Impure  conine  may  be  prepared  by  distilling  the  bruised  hemlock  acei 
with  potassium  hydrate.     The  liquid  thus  obtained  contains  also  a  volatile  OW 
and  ammonia. 

From  it  the  pure  conine  may  be  obtained  by  saturaring  with  dilute  sulphit. 
acid,  and  shaking  with  alcohol  and  ether.     The  alcoholic  ethereal  solution^ 
evaporated  to  dryness,  and  redistilled  with  potassium  hydrate.     Conine  i 
colourless  oily  liquid,  emitting   an  odour  resembling  that  of  mice.     It  J 
lighter  than  water,  having  a  specific  gravity  of  ■878.     It  is  strongly  alkaline<j 
test-paper;  slightly  soluble  in  water ;  more  so  in  ether,  and  very  much  so  J 
alcohol.     It  is  more  soluble  in  "cold  than  in  boiling  water.     Distilled  t 
oxidiiing  agents,  such  as  a  mixture  of  sulphuric  acid  and  potas^um  dichrom 
it  yields  butyric  acid  : — 

CgHijN  +  Oj  -F  2H,0  =  ^(CjHaOi)  +  NHy 

It  gives  a  precipitate  with  auric  chloride,  and  on  the  addition  of  su1phui_ 
ftcid,  evolves  great  heat,  and  becomes  first  red  and  then  greenish.  It  is  als 
led^ned  by  nitric  acid.  Two  views  are  at  present  held  as  to  the  constitii 
tioD  of  this  alkaloid.  Judging  from  the  production  of  butyric  acid,  as  abowj 
mentioned,  it  might  be  supposed  to  be  NHg,  in  which  Hj  was  replaced  fa 
two  molecules  of  the  monad  radical  C,Hj.  M,  Werlliein  has,  howeve  _ 
succeeded  in  isolating  a  dyad  hydrocarbide,  which  he  calls  ionylew,  CgHi^ 
and  the  composition  of  conine  would  therefore  appear  to  be  represented  1 
the  formula ; — 

f  C„H,, 


N 


H. 


Heir  Schiff  has  succeeded  in  making  conine  by  the  action  of  alcoholic 
ammonia  on  butj-ric  aldehyd  for  two  months  at  100  F.,  and  then  for  one  day 
at  113°.  By  this  means  a  base  called  dibutyraldine,  C^Hi^NO,  is  obtained, 
which  by  dry  distillation  yields  conine : — 

C,H|,NO  =  CsH„N-f  H,0. 
This  artificial  conine,  which  is  less  soluble  in  water  than  the  natural  alkaloi 
and  also  destitute  of  action  on  polaiiied  light,  he  calls  paracoaioo. 
[For  daattHH  0/  Cmine,  set  Atitk<rr>i  Aaftljtlcal  Clwiaiitrr.  f,i£t  1 3S. ) 


HICOTUTE  (Kfcotia).    Formula,  C,„Hi,H, 

This  Jtlkaloid,  which  is  the  acii\'e  principle  of  NtcoHana  Tabacum,  is  isolai 
by  exhausting  tobacco  leaves  with  water  acidulated  with  hydrochloric  aci^J 
cooccntraling  the  solution,  and  distilling  with  calcium  hydrate.     The  impiuT 
nicotine  thus  obtained  may  be  punned  like  conine,  using  calcium  instead  a 
potassium  hydrate.     It  is  a  volatile  liquid,  very  soluble  in  water,  and  also  ii 
ether.     It  gives  a  yellow  precipitate  with  platinic  chloride,  and  a  white  pro 
dpitalc  with  tannic  acid.     Sul|)huric  acid  produces  a  port-wine  colour,  whidrl 
change*  to  bbck  on  heating ;    chlorine   also  produces  a  blood-red  colouiv  V 
Nicotine  is  only  present  in  the  merest  traces  in  manufactured  tobacco,  aiMl;J 
not  at  all  In  tobacco  smoke  { VoU  a.  Eulei^trg), 
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Nicotine  may  be  looked  upon  as  a  double  molecule  of  ammonia  gas  in 
which  the  whole  of  the  hydrogen  has  been  displaced  by  the  triad  hydrocarbide 
C5H7,  thus  : — 


N,{ 


C5H7. 


C5II7. 

(For  detection  of  Nicotine^  see  AMthor^s  Analytical  Chemistiy,/^/  138.) 

CAFFEINE  (Theine,  or  Theia).    Formula,  ^fi^^fi^p. 

Is  a  white,  crystalline,  volatile,  alkaloid,  which  constitutes  the  active 
principle  of  coffee,  tea,  and  guarana,  a  remedy  proposed  for  headache. 
Guarana  is  prepared  by  the  South  American  Indians  from  the  seeds  of 
the  Paullinia  sorbilis^  a  climber  of  the  fanwly  of  the  Sapindace^  While 
tea  contains  but  '06  to  2  per  cent  and  coffee  '02  to  '©8  per  cent  of 
caffeine,  guarana  contains  4  to  4*28,  or  occasionally  as  much  as  5  per  cent,  of 
that  substance.  Hence  its  medical  application  is  intelligible.  Theine  is  pre- 
pared by  treating  an  infusion  of  tea  with  basic  plumbic  acetate,  which  pre- 
cipitates tannic  acid  and  colouring  matter.  •  The  solution  is  then  filtered, 
evaporated  to  a  low  bulk,  mixed  with  excess  of  potassium  hydrate,  and  shaken 
up  with  chloroform,  which  dissolves  the  theine,  and  yields  crystals  on  evapora* 
tion.  Theine  may  be  also  prepared  by  direct  sublimation  from  tea.  Treated 
with  strong  nitric  acid,  and  then  with  ammonium  hydrate,  it  produces  a 
reddish-purple  colour,  and  boiled  with  potassium  hydrate,  it  yields  methylamine, 
recognised  by  its  characteristic  odour. 

A  very  simple  method  of  separating  and  even  estimating  theine  is  as  follows. 
The  finely  powdered  tea  or  coffee  is  heated  with  three  times  its  quantity  of 
chloroform.  The  solution  having  been  poured  off  and  evaporated,  the  residue 
is  treated  with  water,  and  filtered.  The  filtrate  on  evaporation  leaves  a 
crystalline  mass  of  theine.  A  cup  of  coffee  or  tea  from  16  grammes  of  the 
former,  or  6  grammes  of  the  latter  (fine  Pekoe)i  contains  about  'i  gramme 
of  caffeine. 

SFAETEIKE  (Sparteia).    Formula,  C^gH^^N. 

Is  found  in  scoparium.     It  is  a  volatile  alkaloid  and  extremely  poisonous. 
It  is  not  now  considered,  however,  to  be  the  active  principle  on  which  the. 
diuretic  properties  of  broom  depend.     It  is  sparingly  soluble  in  water,  and 
yields  a  yellow  precipitate  with  platinic  chloride. 

It  is  similar  in  its  action  on  the  system  to  nicotine,  but  less  energetic. 


IV.  FIXED  ALKALOIDS. 

aUININE  (auinia).    Formula,  ^^^^^.^ZYL^.    Molecular  Weight,  378. 

This  alkaloid  exists  in  company  with  cinchonine,  quinidine,  and  other 
similar  bodies,  in  the  bark  of  the  cinchonas.  It  is  chiefly  found  in  the 
Cinchona  Calisaya^  but  it  also  occurs,  though  in  less  quantities,  in  the  Cinchona 
succirubra  and  C  lancifolia.  In  the  Cinchona  Condamima^  or  pale  bark,  it  is 
rarely  present     It  is  combined  in  the  plant  with  kinic  acid. 

It  is  prepared  by  precipitating  a  solution  of  quinine  sulphate  with  am- 
monium hydrate,  and  may  be  crystallized  from  strong  alcohol.  The  crystals 
thus  produced  are  needle-shaped,  inodorous,  bitter,  and  fuse  at  about  300°  F., 
leaving  on  cooling  a  yellow  resinous-looking  mass.  Quinine  is  slightly  soluble 
in  water,  still  more  so  in  alcohol,  and  freely  in  ether.  Its  aqueous  solution 
possesses  a  faint  but  decidedly  alkaline  reaction.  It  dissolves  readily  in 
dilute  acids  to  form  salts.    It  is  soluble  in  excess  of  ammonium  hydrate. 


QUININE  SULPHATE. 


When  dissolved  in  water  by  the  aid  of  a  dilute  add,  it  forms,  on  lreatmcii^| 
first  with  chlorine  or  bromine  solution,  and  subsequently  with  ammontatjH 
bright  green  substance  called  tluitUiiKhin ;  but  if  potassium  fcrrocyanide  ^fl 
added  between  the  two  reagents,  the  colour  is  an  evanescent  red.  Stani^H 
mercuric,  and  platinic  chlorides  all  form  insoluble  double  salts  with  quinin^^H 
(F»r  dtiectian  of  Qmnine,  lie  Aullmrs  kialjMBal  Cheaditrr./^ij-f  13S.)  ^H 

Q0IHIHE  SULPHATE  (Svns.    Quinia    Su//>/m.    Dhu!phale  of  Quinint). 
Pormola,  (CadHj^NaOJsHiSOi.THjO, 

Is  prepared  by  dissolving  the  alkaloids  from  cinchona  bark  by  means  of. 
maceration  and  percolation  with  highly  diluted  hydrochloric  acid ;  the  solutioaj 
thus  obtained  containing  the  quinine,  cindionine,  and  other  principles  aM 
hydrochlorates.  Excess  of  sodium  hydrate  is  then  added,  which  precipitat^fl 
the  hydrated  alkaloids  and  forms  sodium  chloride  in  solution.  The  precipilawl 
of  the  mixed  alkaloids,  having  been  washed  to  remove  the  colouring  matt(^| 
(cinchona  red),  is  suspended  in  water,  and  suRicient  diluted  sulphuric  add  tfl 
added  to  nearly,  but  not  quite,  redissolve  the  precipitate.  The  object  of  ihllM 
is  to  produce  neutral  sulphates  of  the  alkaloids,  which  may  be  separated  ImI 
fractional  ciystallization  ;  the  quinine  sulphate  being  much  less  soluble  thaifl 
that  of  cinchonine.  and  therefore  crystallizing  out  first,  leaves  the  latter  ^n 
solution.  It  is  on  this  stage  of  the  process  that  success  really  depends,  aa^fl 
single  drop  too  much  of  the  sulphuric  acid  would  produce  acid  sulphate^B 
whidi  could  not  then  be  separated  by  fractional  crystallization.  T^B 

Quinine  sulphate  is  in  sflky,  fitiform,  snow-white  crystals,  slightly  soluble  nm 
water,  yielding  a  solution  which  is  intensely  bitter  and  highly  QuoresccnL     VJm 
is  fiisible  at  240°  F.,  but  at  a  higher  temperature  it  becomes  red,  and  the^| 
takes  fire  and  entirely  bums  away.     When  exposed  to  the  air  it  loses  wat^^| 
and  when  dried  at  312°  F.  it  loses  i4'44  per  cent  of  water.    As  usually  m^n 
with,  it  is  solnble  in  741  parts  of  cold  water,  and  80  parts  of  rectified  spirit. 
It  is  much  more  soluble  in  boiling  water,  requiring  only  30  parts.     It  is 
icadily  soluble  in  water  acidulated  with  sulphuric  acid,  as  ii  is  then  transformed 
into  add  quinine  sulphate.     It  is  soluble  in  60  parts  of  cold  alcohol,  and  ta 
40  of  glycerin,  as  well  as  freely  in  creasote ;  but  it  has  been  stated  not  to  b<jj 
soluble   in   fatty  oils.     It   is   also  readily  soluble    in  aqueous  or  spiritUOBn| 
solutions  containing  excess  of  ammonium  hydrate.     A  solution   of  quinil^l 
sulphate  mixed  with  an  alcoholic  solution  of  iodine,  lets  fall  a  brilliant  gret|9 
compound  called  Herapatkitt,  which  is  constant   in  composition,  and  has  tUH 
formula  (C3„Hj,N30j)j,3HsSOj,I^  +  ^HgO.     It  has  optical  properties  similigj 
to  tourmaline,  and  when  dried  at  ati"  F.,  one  part  of  it  represents  *56s  pBltn 
of  quinine.  '  ' 

(Ar  Jaectiim  of  aduUcr/inl!  in  Quinint  Snlfhidi,  let  Atither'i  AiMljtieal  CbEmlitTT./i^  139.) 

ttUIKINE  HTDROGEH'SnLP&ATE.    Foimula,  C^^S^JSJi^B^^JRp. 

Is  produced  when  quinine  sulphate  is  dissolved  in  dilute  sulphuric  acid- 
Its  solution  appears  blue  when  held  wp  to  the  light,  and  it  thus  possesses  in  a 
marked  degree  the  curious  property  oi  fiuoracenct,  i.e.,  the  altering  of  the 
rdrangibility  of  the  invisible  chemical  rays  of  light,  so  as  to  render  them 
visible.     It  also  turns  the  plane  of  polarization  of  light  to  the  right 


QUUnVE  HTDROCHLORATE  (Svm.  MuriaU  of  QHtnine). 
Fonnnla,  C^mNsOj.HC1.3H30. 
Is  produced  when  c|uinine  is  dissolved  in  dilute  hydrochloric  add,  avoid 
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aUININE  H7P0PH0SPHITE.    Fommla,  C^f^SL^ji^SSUji^ 

Prepared  by  dissolving  quinine  sulphate  in  water  by  the  aid  of  hjrpo- 
phosphorous  acid,  and  then  adding  baric  hypophosphitCi  carefully  avoiding 
excess. 

(CgoH24N203)3H2S04^+  BazPHgOj  =  2(C2oH8^N808.HPHjOs)  +  BaSO^. 

It  is  soluble  in  60  parts  of  water,  and  is  a  light  mass,  with  a  bitter  taste, 
readily  fusible,  and  turning  brown  on  heating. 

aUIKINE  PHOSPHATE.    Formula,  {{^^JSL^fi^^:B^\21S^0. 

Prepared  by  precipitating  quinine  from  the  sulphate  by  ammonium  hydrat^ 
and  dissolving  the  precipitate  in  phosphoric  acid  It  forms  a  white  silky 
crystalline  mass,  very  slightly  soluble  in  water.  The  substance  sold  under 
this  name  is  commonly  prepared  by  simply  adding  sodium  phosphate  to 
solution  of  quinine  sulphate,  and  separating  and  drying  the  white  substance 
which  deposits. 

aUININE  LACTATE. 

Prepared  by  dissolving  quinine  in  lactic  acid.  Has  been  introduced  into 
use  in  medicine ;  as  also  the  valerianate,  which  is  prepared  from  quinine 
sulphate  and  alkaline  sodium  valerianate. 

CINCHONINE  (Cinchonia).    Formula,  Q^^EL^J^. 

This  alkaloid  is  a  constituent  of  most  cinchona  barks,  but  according  to 
Mr.  Howard,  the  proportion  in  the  C,  Condaminea  is,  contrary  to  the  received 
idea,  usually  only  slight.  It  may  be  isolated  frpm  its  salts  by  precipitating 
with  ammonium  hydrate,  and  then  crystallizing  from  alcohol,  in  which  it  is 
somewhat  soluble.  It  is  practically  insoluble  in  water  and  also  in  ether, 
which  latter  property  serves  as  a  marked  distinction  from  quinine.  Cinchonine 
when  heated  to  430°  F.  partly  sublimes.  It  is  not  precipitable  in  the  cold  by 
sodium  hydrogen-carbonate  in  the  presence  of  tartaric  acid,  but  heating  the 
liquid  causes  precipitation,  accompanied  by  evolution  of  carbonic  anhydride. 

It  is  not  soluble  in  excess  of  ammonium  hydrate. 

[For  detection  of  Cinchonine^  see  Author's  Analytical  Chemistry, /«^  139.) 

CINCHONINE  SULPHATE.    Pormnla,  {Si,j^SL^jS)^B^^2TL^Q. 

Is  crystallized  from  the  liquors  poured  oflf  from  the  crystals  of  quinine 
disulphate  after  the  B.P.  process.  It  crystallizes  in  prisms,  short  and  In-oken, 
and  is  much  more  soluble  in  water  and  alcohol  than  the  quinine  salt,  but 
totally  insoluble  in  ether.     Its  solution  is  not  fluorescent 

aNCHONINE  HTDBOGEN-SULPHATE. 

Is  produced,  like  the  quinine  salt,  by  excess  of  sulphuric  acid. 

CINCHONINE  HTDBOCHLOBATE  (Syn.  Muriate  of  Cinchonia). 
Formula,  C2oH|iNsO.HCL2H30. 

Is  also  employed  in  medicine,  and  of  late  years  has  been  strongly  recom- 
mended. It  is  much  more  soluble  in  water  than  the  sulpl^te,  and  even 
slightly  so  in  ether. 


FIXED  CINCHONA  ALKALOIDS. 


Two  munates  were  mentioned  i 
C&venlou. 

Dirauriale  of  Ciachonia 

Cinchonia     .         .         .89 
Acid.  Muriai.        ,  10 


the  original 

Muriate  of  Cinchonia 

;  Cinchonia 

i  Acid.  Muriat    . 


The  hydrochloratea  ot  cinchonine  and  cinchonidine  present  this  cunous 
phcnomenoD — these  salts  dissolve  indeed  instantly  in  the  chloroform ;  but  the 
solution,  after  a  short  time,  and  at  the  original  tetnpcraluie,  beco^nes  thick 
and  cr^-stalline,  owing  to  the  formation  of  difficultly  soluble  compounds  of  the 
salts  with  the  solvent. 

In  such  compounds,  i  part  of  cinchonidine  hydrochlorate  requires  13  parts 
of  pure  chloroform  at  zo"  C.,  and  i  part  of  cinchonine  hydrochlorate  requires 
»ri  parts  of  pure  chloroform  at  15"  C,  for  solution.  On  evaporation  of 
the  solution  the  cinchonine  hydrochlorate  remains  behind  as  an  amorphous 
resinous  mass,  which,  without  increase  of  weight,  gradually  changes  into 
radiating  crystals.  It  is  the  anhydrous  substance  CjoHjjNjO,  HCL  The 
different  behaviour  of  quinine  sulphate  and  cinchonine  hydrochlorate  with 
pure  chloroform  furnishes  a  ready  and  convenient  method  of  detecting  th« 
latter  salt  when  mixed  with  the  fotmer.— (?.  Hesit. 


aniNISUIE  (Qninidia).    Formula,  aiiH^^N^Of 

Is  a  nioditication  of  quinine,  found  chiefly  in  the  pale  and  Cartha|, 

bsrks,  which  agrees  with  quinine  in  bitterness,  lluorescence  of  its  salts,  and  ilA 
genenil  reactions.  It  may  be  separated  from  quinine  by  dissolving  in  I 
smallest  possible  excess  of  acetic  acid  and  adding  strong  solution  of  polaft- 
eiuffl  iodide,  which  forms  an  insoluble  precipitate  of  quinidia  hydrio<^idc 
Quinidia  i^i  soluble  in  ether,  from  which  it  cr}-5taUizes  in  long  prisms. 


CnrCROinSIA.    Formola,  C^uH^N^O. 

Tliis  alkaloid  Is  insoluble  in  ether,  but  crystallizes  &oro  alcohol  in  anhydi 
rhombic  prisms.  It  i^  isomeric  with  cinchonia,  from  which  it  may  he  sqiar 
by  precipitation  of  the  mixed  sulphates  by  Rochelle  salt,  when  it  is  prcdpitft 
OS  tartrate,  leaving  the  cinchonia  in  solutioit         , 

Qniniciae  and  Ciachonieme  are  amorphous  alkaloids,  produced  in  the ' 
making  of  the  quinine.  They  are  not  crystalliiable,  and  arc  doubtless  formed 
by  the  action  of  the  mineral  acids  ;  possessmg  about  the  same  relation  to 
quinine  and  cinchonine,  as  treacle  and  sugar  bear  to  each  other.  I'liey  are 
sometimes  classed  together  under  the  name  of  quinoidine,  and  are  extracted 
Iroin  a  quinine  residue  by  alcohol  of  40  per  cent.,  in  which  they  dissolve. 


QUXSAlflNX.    Formula,  CigEg^H^Oi^ 

Is  an  alkaloid  found  in  certain  Indian  varieties  of  Cinthona  suainthra.  It 
it  obtAioed  mixed  with  the  amorphous  alkaloids,  and  may  be  separated  by 
dissolving  the  mass  and  adding  potassium  thiocyanate,  when  the  quinamtne 
escapes  precipitation  and  may  then  be  extracted  by  shaking  with  ether  in  the 
prescDoc  of  excess  of  ammonium  hydrate.  It  is  crystalline,  soluble  in  dilute 
alcohol)  and  dtxtre-rotaty. 
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Alkaloids  of  Opium. 

These  alkaloids  exist  in  combination  with  meconic  acid.  The  chief  ones 
are  as  follows  : — 

Morphine  (Morphia)  * CiyHi^NOj. 

Codeine  (Codeia) CigHgiNOj. 

Narcotine  (Narcotia,  Anarcotine)  ....  CggHgjNOy. 

Narceine  (Narceia) C23H29NO9. 

Thebaine  (Paramorphine) CigHjiNOg. 

Meconine CioHiqO^. 


MOBFHINE  (MorpMa).    Formula,  QYJ&i^O^.B,fi.  Molecnlar  Weight,  303. 

Is  prepared,  according  to  the  B.P.,  by  extracting  the  soluble  portion  of 
opium  by  three  macerations  with  water.  This  process  extracts  the  morphine 
and  codeine  as  meconates,  together  with  a  small  portion  of  the  other  alkadoids. 
The  chief  part  of  the  narcotine  remains  in  the  insoluble  portion  of  the 
opium.  The  solution  thus  obtained  is  then  treated  with  calcium  chloride, 
which  forms  calcium  meconate  and  morphine  and  codeine  hydrochlorate. 
The  calcium  meconate  not  being  entirely  insoluble  in  water,  and  more  espe- 
cially when  the  opium  solution  is  slightly  acid,  cannot  be  at  once  removed  by 
filtration,  and  therefore  the  whole  solution  is  evaporated  until  it  crystallizes, 
and  the  crystalline  mass  is  subjected  to  strong  pressure  to  remove  the  dark- 
coloured  mother-liquors.  The  pressed  cake,  which  contains  calcium  meconate 
and  undecomposed  chloride,  together  with  morphine  and  codeine  hydrochlo- 
rates,  is  then  treated  with  boiling  water,  which  dissolves  the  latter  substances, 
leaving  the  insoluble  calcium  meconate,  which  is  filtered  out.  The  solution 
is  again  evaporated,  crystallized,  the  cake  again  pressed  and  submitted  to  the 
action  of  boiling  water ;  this  process  is  repeated  three  times  in  all,  to  ensure 
a  thorough  separation  of  the  calcium  meconate  and  colouring  matters.  The 
purified  cake  is  dissolved  in  boiling  water,  and  digested  with  animal  charcoal, 
to  remove  the  last  traces  of  colouring  matter.  A  solution  is  thus  obtained 
which  contains  tolerably  pure  hydrochlorates  of  morphine  and  codeine. 
Ammonium  hydrate  is  added  in  very  slight  excess,  which  precipitates  most  of 
the  morphine,  while  the  codeine  remains  dissolved  by  the  slight  excess  of  the 
ammonium  hydrate.  The  precipitate  is  filtered  out  and  washed.  It  may  be 
made  into  any  salt  desired,  by  using  an  appropriate  acid.  This  process  will 
be  found  detailed  in  the  words  of  the  B.P.  under  morphia  hydrochlorate. 

As  thus  prepared,  piorphine  presents  itself  as  a  crystalline  mass,  with  an 
alkaline  reaction  and  bitter  taste. 

It  is  practically  insoluble  in  water  and  ether,  but  is  soluble  in  sodium  or 
potassium  hydrate,  hence  it  cannot  be  precipitated  from  its  solution  by  these 
reagents.  It  is  also  soluble  in  a  good  excess,  of  ammonium  hydrate.  These 
reactions  serve  to  distinguish  it  from  quinine,  cinchonine,  strychnine,  and 
most  other  alkaloids,  which  are  not  soluble  in  excess  of  potassium  or  sodium 
hydrate.     It  is  precipitated  from  its  solution  by  sodium  carbonate. 

Morphine  gives  an  orange-red  solution  in  strong  nitric  acid ;  but  its^ solution 
in  strong  sulphuric  acid  has  no  colour  unless  nitric  acid  be  also  present 

It  also  possesses  the  power  of  liberating  iodine  firom  iodic  acid. 

{For  deUciioH  of  Morphine^  and  Us  estimation  in  opium,  see  Authot^s  Analytical  Chemistry, 
pages  139.  143,  192.) 


ALKALOIDS  OF  OPIU^f. 

MOKPHINE  HYDEOCHLORATE  (Svns.  Morphia  Hydrochloras.     Muriate  ^M 
Morphia).     Formula,  CijHioKOaHa.aHjO. 
Is  prepared  by  diffusing  pure  morphia,  obtained  as  above,  througl'  .  _ 

ounces  or  boiling  distilled  water  placed  in  a  porcelain  capsule  kept  hot,  aoil'fl 
adding  (constantly  stirring)  diluted  hydrochloric  acid,  proceeding  with  cautioii^fl 
so  that  the  morphia  may  be  entirely  dissolved,  and  a  neutral  solution  o^  J 
tdincd.  Set  aside  to  cool  and  crystallize.  Drain  the  ciystals,  and  dry  then^ 
on  fdcering  paper.  Thus  prepared,  it  is  in  white  fusible  acicular  prisms  of  aJ 
silky  lustre,  not  changed  by  exposure  to  the  air,  soluble  in  water  and  spirit 

MORPHINE  ACETATE  (SvN.  Morphia  Acetas).    Pormnla,  CijHiuITOjCjHjOi 

Is  prepared  by  dissolving  hydrochlorate  of  morphia  in  one  pint  of  distillej 
water,  and  carefiiliy  adding  ammonium  hydrate  until  the  morphia  is  prei ' 
tated  and  the  liquid  rendered  slightly  alkaline.  Collect  the  precipitate  c 
filter,  wash  it  with  distilled  water,  then,  having  transferred  it  to  a  porceltll 
dish,  add  four  ounces  of  distilled  water  and  a  sufficient  quantity  of  acetic  acS 
to  neutralise  and  dissolve  it.  Evaporate  the  solution  by  the  heat  of  a  wati 
bath  until  it  concretes  on  cooling.  Lastly,  dry  the  salt  with  a  gentle  hei_ 
and  reduce  it  to  powder.  Thus  made,  it  is  a  white  powder,  soluble  in  watfl 
and  in  spirit  (not  so  soluble  in  the  latter  as  in  the  former). 

On  evaporating,  its  solution  decomposes,  depositing  morphine  and  evolving 
acetic  acid. 

Morphine  also  forms  sulphates,  phosphates,  and  many  other  salts.     The 
morphine  sulphate  is  much  more  soluble  than  has  been  generally  supposed. 

APOJIORPHIKE   (Apomorphia).     Formula,   CjjHjjNOj.      \Ataithiesstn  *• 

Wri^l\ 

This  very  active  alkaloid  is  prepared  artificially  by  hermetically  sealing  d 
mixture  of  morphine  hydrochlorate  with  excess  of  hydrochloric  acid  in  ( 
strong  glass  tube,  and  heating  for  some  hours  to  300^  F.  in  an  oil  bath.  Thi 
tube  having  been  broken  antl  water  added  to  its  contents,  the  solution  '<& 
treated  with  sodium  hydrogcn^arbonate,  which  precipitates  the  alkaloid.  Its 
hydrochlorate  contains  no  water  of  crrstalli nation  and  agrees  with  the  formula 
.  C|jHj.NOjHCI ;  it  is  prepared  by  dissolving  the  precipitate  in  chlorofom 
ana  shaking  the  solution  with  a  little  hydrochloric  acid,  when  the  salt  crj 
tallixes  out.  This  base,  as  its  formula  indicates,  is  simply  produced  froi 
morphine  by  the  removal  of  a  molecule  of  water  on  heating  with  a  stroi^ 
acid. 

CitHijNOj-HjO  =  C,;H,tNO,. 

The  physiott^icai  effects  of  apomoiihine  are  not  only  remarkable  in  thei 

selves,  but  totally  distinct  &om  those  of  morphine,  although  these  subsbino  _ 

dtfli^r  so  slightly  in  chemical  constitution.     When  subcutaneously  injected^^ 

one-tctith  of  a  grain  produces  vomitmg  in  less  than  ten  minutes.  ' 

CODEINE  (Codeia).     Formula,  C^^H^NO^ 

May  be  prep.ired  from  the  solution  filtered  from  the  precipitate  of  r 
phine  in  the  B.I',  process,  by  precipitation  with  dilute  potassium  hydrate.  It  ■ 
15  while  and  cr>stalline  ;  is  soluble  in  water,  alcohol,  and  ether.  Its  solution.] 
ha*  an  nlk.ilinc  reaction,  which  serves  to  dislinguish  it  from  mcconinc. 
distinguished  from  morphine  by  its  not  dissolving  in  potassium  hydrate,  i 
not  ifiving  a  blue  colour  with  leiric  chloride.     When  treated  in  a  scaled  tube 
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with  hydrochloric  acid,  it  loses  water  and  yields  apomorphine,  producing  at 
the  same  time  methyl  chloride  : — 

CigHjiNOj  +  HCl  =  C17H17NO8  +  HjO  +  CHsCL 

From  this  reaction  we  may  draw  the  conclusion  that  codeine  differs  from 
morjihine  only  in  having  the  organic  radical  methyl  as  a  constituent  of  its 
molecule.     It  has,  therefore,  been  proposed  to  call  it  methyl-morphine. 

{For  detection  of  Codemty  see  Author's  AnalytLoal  Qhemiitay,  page  140.) 

NABCOTINE  (Narcotia).     (Syn.  Anarcotine  \Squire\)    Ponnnla,  ZJl^^^ 

Narcotine  has  been  shown  to  have  no  soporific  influence  either  on  men  or 
animals,  hence  the  new  synonym  proposed.  These  experiments  have  been 
confirmed  by  Fliickiger.  It  is  prepared  from  the  insoluble  portion  of  opium 
by  heating  with  dilute  acetic  acid,  which  extracts  the  alkaloid  as  acetate ;  and 
then  precipitating  wtih  ammonium  hydrate,  and  purifying  by  crystallization 
from  boiling  alcohol.  It  is  a  white  crystalline  substance,  insoluble  in  cold 
water,  but  soluble  in  alcohol,  also  in  ether. 

It  is  distinguished  firom  morphine  by  not  giving  a  blue  colour  with  ferric 
chloride,  nor  decomposing  iodic  acid.  When  heated  on  paper,  it  causes  a 
greasy  stain.  It  may  be  extracted  firom  Persian  opium,  together  with  oil,  etc., 
by  percolation  with  petroleum  spirit 

{For  detection  ofNarcotine^  see  Author's  Aiialytlcal  Chemistry, /a^^  140.) 

NARCEINE  (Narceia).    Formula,  C33H29NO9. 

Crystallizes  in  silky  needles,  with  a  bitter  taste.  It  is  soluble  in  water,  and 
when  treated  with  dilute  nitric  acid  strikes  a  light  blue  colour.  It  also  forms 
with  iodine  a  blue  iodide,  and  is  thus  easily  distinguished  firom  all  other 
alkaloids. 

(For  detection  of  Narceine,  see  Author's  Analytical  ChemiBtry,  page  140.) 

THEBAINE  (Thebaia).     Formnla,  C19H21NO3. 

Is  a  white  crystalline  solid,  with  an  inky  taste,  scarcely  soluble  in  water, 
but  easily  in  alcohol  and  ether.  It  is  not  soluble  in  excess  of  sodium  hydrate, 
and  although  soluble  in  acids,  it  refuses  to  form  crystalline  salts,  This  serves 
to  distinguish  it  from  both  morphine  and  codeine,  while,  from  the  former,  it 
still  further  differs  by  not  giving  a  blue  colour  with  ferric  chloride. 

{For  detection  of  Thebainc^  see  Author's  Analytical  Chemistry, /a^^  141.) 

MECONINE  (Meconia).    Formula,  CioHiqO^. 

This  differs  from  all  the  other  opium  alkaloids  in  not  containing  nitrogen, 
and  therefore  not  evolving  ammonia  when  heated  with  soda-lime. 

It  is  further  distinguished  by  being  very  readily  fusible,  and  not  possessing 
alkaline  reaction. 

{For  detection  of  Meconine^  see  Author'^s  Analytical  Chemistry, /a^^  140O 

In  addition  to  the  above,  the  following  rarer  alkaloids  have  been  discovered 
in  opium  by  various  chemists  : — 


Codamine 

.     C20H35NO4. 

Meconidine      . 

.     C5iHaN04. 

Cryptopia 

.     C21H23NOS. 

Opianine 

21H21NO.. 

Hydrocotamine 

.     CjjHisNOa. 

Papaverine     . 

.     C21H21NO4. 

Lanthopine     . 

.     CJ3H25NO4. 

Protopine 

,     CxjQrijjIM  wc. 

Laudanine 

.     CaoH25N04. 

Pseudomorphia 

.        CiyHigNO^. 

Laudanosine  . 

.     C^Hj^NO^. 

Rhaeadine 

.     CaoHjiNOg. 

STRYCHNINE. 


Tlie  Alkaloids  of  HTui  Vomica  are : — 

Strychnine  (Strychnia) CjiHjaNjOj. 

Bnicine  (Brucia) CajHjgNjO^. 

They  are  both  found  tn  the  Strycknos  tfux  vomica  and  io  the  /gnai 
amara,  besides  several  other  plants  of  the  same  sub-order,  combined  ( ' 
igasuric  acid. 


STRTCEETINE  (Stiychuia).    Fonnulft,  Cj,E,.N,0,    MoledUar  Weight,  334.J 

li  prepared  by  powdering  the  beans,  and  exhausting  them   with  dilute  J 
alcohol.     After  removing  the  spirit  by  distillation,  there  remains  a  watery  i 
tution  containing  the  alkaloids  as  igasuraies.     To  this  solution  plumbic  accCatd 
is  added,  which  forms  a  precipitate  of  igasurate  of  Uad  and  resinous  inaitei 
leaving  [he  alkaloids  in  solution  as  acetates.    After  concentration,  a  sli|[l, 
excess  of  ammonium  hydrate  is  added,  which  precipitates  the  impure  alkaloidvl 
which  ate  filtered  out,  washed,  and  dried.  7 

Thus  we  have  a  pulverulent  mass,  consisting  of  strychnine  and  brurine,  1 
together  with  certain  im[)iiiities.     This  mass  is  exhausted  with  sucressivi 
))OTtions  of  boiling  rectified  sjiirit  j  the  point  of  exhaustion  being  known  1 
the  alcohol  ceasing  to  taste  bitter.     The  bulk  of  the  spirituous  solution  ( 

tiure  strychnine  and  brucine  thus  obtained  having  been  reduced  by  distil 
ation,  the  residue  is  finally  evaporated  to  a  small  bulk,  and  set  aside  ti 
crystallize.    The  strychnine,  being  much  less  soluble  than  the  brucine.  crystal 
lires  out,  leaving  the  latter  in  solution,  and  the  crystalline  crust  is  once  morejf 
dissolved  in  spirit  and  recrystallized. 

■  Thus  made,  strychnine  is  in  right  square  octahcdra,  or  jirisms,  colourlei 
■nd  inodorous  ;  sparingly  soluble  in  water,  but  communicating  to  il  its  tntensdl 
bitter  taste  ;  soluble  in  boiling  rectified  spirit  and  in  chloroform,  but  not  t 
absolute  alcohol  or  in  ether.  Pure  sul])huric  acid  forms  with  it  a  cnlourlc4 
solution,  which  on  addition  of  potassium  dichromatc  acquires  an  intcnseB| 
violet  hue,  speedily  passing  through  red  to  yellow.  Not  toloutcd  by  nitr 
acid ;  leaves  no  ash  when  burned  with  free  access  of  air. 

A  very  active  poison.     Strychnine  has  an  alkaline  reaction,  and  fomis  salla 
with  acids.     It  has  also  a  great  tendency  to  produce  double  salts  when  added 
to  solutions  of  salts  of  heavy  metals.     For  example,  mercuric  chloride  with^ 
Strychnine  hydrochloratc,  produces  strychnine  chloromcrcuratc,  which  tain 
the  form  of  a  while  gelatinous  precipitate,  CjiHjjNjO^.HCI.HgClj. 

{far  lUittSiirn  a/ Sttyiiahu,  lit  AuS^fri  Analftleal  Cb«mlsti7,  fage  141.) 

The  bitter  of  strj-chninc  is  so  intense  that  it  is  easily  perceivable  in  a  a., 
lutiou  containing  ^,jra  '^^  ''s  weight  of  the  alkaloid.     Acconllng  to  Pelletierl 
it  is  soluble  in  6667  parts  of  cold,  and  2500  [laris  of  boiling  water.     Salts  oTl 
str)-chnine  may  be  prepared  by  dissolving  the  alkaloid  in  almost  any  acid.  I 
The  chief  commercial  ones  being  the  following  : — 

HydrochloraW CnH5;N,0,.HCI. 

Sulphate a(C„Hj5N50,).H,SO«. 

Acid  Sulphate C3,H(jNjO,.H^04. 

The  sails  are  precipitated  by  tannic  acid,  but  are  not  affected  by  gallEoj 
add  or  by  ferric-  sails.  On  treatmenl  v/itli  ammonium  hydnile  or  any  alkaliosB 
hydrate,  pure  strychnine  is  precipitated. 
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BBUCIKE  (Bmcia).    Formula,  CssHg^NjO^. 

Is  crystallized  from  the  mother-liquid  poured  off  from  the  crust  of  strych- 
nine in  the  B.P.  process.  It  is  a  white  crystalline  substance,  sometimes  in 
prisms,  and  at  others  in  laminae.  It  has  a  less  intense  bitter  taste  than  strych- 
nine, and  is  much  more  soluble,  both  in  water  and  alcohol,  one  part  requiring 
only  850  of  cold  and  500  of  boiling  water.  It  forms  salts  with  most  acids, 
which,  however,  are  not  of  sufficient  interest  to  require  detailed  notice.  The 
solution  of  brucine  in  strong  nitric  acid  is  blood-rdd,  but  becomes  yellowish 
on  heating ;  and  the  addition  of  stannous  chloride  causes  a  violet  colour. 
Brucia  also  forms  an  orange  insoluble  compound  with  potassium  iodide. 
{For  detection  of  Bn^ne^  see  Author's  Analytical  Chemiitryt/a^  141.) 

The  remaining  alkaloids  which  are  official  in  the  B.P.  are  : — 

Atropine  (Atropia)     .         .         .        .         .         .  C17H23NO3. 

Beberine  (Beberia) CigHgiNOg. 

Aconitine  (Aconitia) C3QH47NO7. 

Veratrine  (Veratria) CsgHggNgOg. 

ATROPINE  (Atropia).    Pormnla,  ZylR^O^. 

Is  found  in  Atropa  Belladonna^  in  which  it  exists  as  atropine  malate.  It  is 
prepared  by  exhausting  belladonna  root  with  spirit,  and  shaking  the  spirituous 
solution  with  calcium  hydrate,  which  precipitates  the  malic  acid  and  colouring 
matter.  These  are  removed  by  filtration,  and  sulphuric  acid  is  added  to  the 
filtrate  to  form  sulphate  of  atropine,  so  as  to  prevent  the  decomposition  which 
the  alkaloid  undergoes  when  heated  with  alkalies  in  the  free  state.  After 
concentration  a  little  potassium  carbonate  is  added,  so  as  nearly,  but  not  quite, 
to  neutralize  the  acid.  This  causes  a  further  separation  of  resinous  matter, 
which  is  removed  by  filtration ;  excess  of  potassium  carbonate  is  added, 
which  precipitates  the  atropine,  and  the  mixture  is  immediately  shaken  up 
with  chloroform,  which  dissolves  the  alkaloid. 

The  chloroform  having  been  distilled  off,  the  residue  is  further  purified  by 
solution  in  spirit,  decolorization  with  animal  charcoal,  and  crystallization. 
The  yield  by  this  process  is  very  small,  two  pounds  of  the  root  rarely  pro- 
ducing more  than  forty  grains  of  the  alkaloid. 

Thus  prepared,  atropine  is  in  colourless,  acicular  crystals,  sparingly  soluble 
in  water,  more  readily  in  alcohol  and  in  ether.  Its  solution  in  water  has  an 
alkaline  reaction,  gives  a  citron-yellow  precipitate  with  auric  chloride,  has  a 
bitter  taste,  and  powerfully  dilates  the  pupil  of  the  eye  when  administered 
internally.  Physically,  therefore,  it  has  a  diametrically  opposite  action  to 
physostigmine,  which  powerfully  contracts  the  pupiL  Advantage  is  taken  of 
the  distinctive  action  existing  between  these  two  alkaloids  in  ophthalmic 
practice. 

It  leaves  no  ash  when  burnt  with  free  access  of  air.  It  is  an  active  poison. 
Atropine  is  fusible,  and  partly  volatile  by  heat.  When  boiled  with  potassium 
hydrate,  it  evolves  ammonia. 

Tincture  of  iodine  reddens  a  solution  of  its  salts,  which  also  give  a  precipi- 
tate with  tannic  acid  and  platinic  chlotide.  By  heating  with  strong  sulphuric 
acid  it  turns  brown  ;  and  on  the  addition  of  a  little  water,  a  powerful  odour  of 
orange  flowers  is  evolved. 

{For  detection  of  Atropine^  see  Author's  Analytical  Cliemiitry,  page  141.) 

Atropine  fbrms  salts  with  most  acids,  such  as  the  hydrochlorate,  acetate, 
and  sulphate.  The  latter  is  done  official  in  the  B.P.  for  the  purposes  oif 
external  application  only. 


BEBEHI.VE.—BEBERINE  SULPHA  TE.^A  CONITINE. 

It  is  a  colourless  powder,  soluble  in  water,  forming  a  solution  which  I 
neutral  to  test-paper,  and  which  when  applied  to  the  eye  dilates  the  pun 
in  a  similar  manner  to  the  solution  of  atropine.  It  leaves  no  ash  when  bum 
wilh  free  access  of  air. 

BEBERIHE  (Beberia).    Pormala,  CipH.iHOj. 

Is  formed  in  the  bark  of  the  Nalandra  Rodtxi,  together  with  tannic  xei . 
beheric  acids.     It  is  a  yellow  substance  of  a  resinous  appearance,  decidedlf  J 
alkaline,  and  only  slightly  soluble  in  water,  more  so  in  ether,  and  easily  in  j 
alcohol.     It  is  prepared  by  precipitating  its  sulphate  with  acnmoniuin  hydrat(^,l 
mixing  the  precipitate  with  plumbic  iiydrate  (to  remove  traces  of  tannic  acid)^ 
evaporating  the  whole  to  dryness,  and  purifying  by  successsive  solution,  (irsca 
in  alcohol  and  then  in  ether.     It  is  soluble  in  acids,  forming  a  yellow  solutioC 
and  yielding  on  evaporation  salts  which  are.not  crystal  I  izable.     Wlien  heatfl 
with  sulphuric  acid  or  potassium  acid  chromate,  it  forms  a  black  resinous  niuf 
A  curious  characteristic  is,  that  by  friction  with  a  piece  of  silk,  it  becomes  ctoj 
tiicaJ,  and  will  alTect  a  galvanometer,  and  attract  very  smalt  pieces  of  light  papi 
{Far  JtimioH  e/Bdicrine,  sa  Anther' i  An«lytio»l  CheoilKry. /j^v  147.) 

BEBERINE   SULPHATE   (Svn,    Beberia  Sulphas). 

FoTmiUa,  3(C,^iN0a).H,80,.    BJ.  Formola,  Ca,HuN,O^E.SO,. 

Is  prepared,  in  a  not  exactly  pure  condition,  by  exhausting  the  bark  \ 
very  dilute  sulphuric  acid,  and  nearly  neiitraliwng  with  lime,  filtering,  . 
precipitating  with  ammonium  hydrate.  This  yields  the  alkaloid.  The  pn 
d|^ntaie  is  dissolved  in  alcohol,  filtered,  and  the  spirit  is  distilled  otT.  SulphutUU^ 
actd  having  been  added,  the  whole  is  evaporated  to  dryness.  The  residn^ffl 
containing  impure  beberine  sulphate,  is  extracted  with  water ;  the  solutioQiB 
thus  obtained,  not  being  crystaliizable,  is  evaporated  and  scaled  at  a  heal  s 
exceeding  140°  Fahr.  Thus  made,  it  is  in  dark-brown,  thin,  translucent  scale^^ 
yellow  when  in  powder,  with  a  strong  bitter  taste,  soluble  In  water  and  alcohtd.  •. 

Beberine  must  not  be  confused  with  berberinc,  also  a  yellow  alkaloid,  (bwf " 
in  calutiiba  root,  the  Hydraitis  Canadensis,  and  in  podophyllum. 


ACONITINE  (Aconitia).    Eonnala,  C^^i^NO;. 

An  alkaloid  obtained  from  the  leaves  and  root  of  Aantitum  Mi/f/Zut. 

It  is  a  light,  pulverulent  substance,  usually,— in  the  most  highly-priied  com- 
nercial  specimens, — occurring  in  irregular,  small,  flattened  pieces.     Soluble  in 
acids,  without,  however,  producing  crystallixable  salts.     As  usually  prepared, 
it  is  in  a  hydrated  condition,  and  contains  20  per  ceuL  of  water,  which  passct  J 
off  at  about  168°  F. 

With  tincture  of  iodine,  it  forms  an  orange-coloured  precipitate, 

Nitric  acid  has  no  effect  on  aconitinc  ;  but  strong  sulplmric  acid  produce!;! 
fini  a  yellow  and  then  a  violet  colour,  and  syrupy  phosphoric  acid  also  colouB'S 
il  violet.     In  common  with  most  alkaloids  it  is  prccipiubie  by  auric  chlorid%'-J 
ItUtinic  chloride  being  devoid  of  action.     It  is  prepared  byexhausting  acoaiwi 
root  with  Sjiirit,  which  dissolves  the  natural  aconitate  of  aconitine. 

The  alcohol  having  been  distilled  o If,  the  residue  is  dissolved  in  water,  whicK.I 
causes  the  separation  of  resinous  matters.  The  solution  is  then  precipitated  bf4 
aiDtnonin,  which  separates  the  alkaloid  in  an  impure  condition.  This  preciptfl 
Uic  is  dried,  powdered,  and  exhausted  with  ether,  which  dissolves  only  tltfta 
aconitiDc.  The  ether  having  been  distilled  off,  the  residue  is  treated  wi^j 
dilute  sulphuric  acid  )  and  the  alkaloid,  having  thus  been  obtained  in  soluiioati 
tulplaic,  IS  once  more  precipitated  with  ammonia,  this  time  in  a  pure  cooditioa^ 
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'I ..  ^.  i./i.o!':  ':r...*\  ]ri  t'r.';  r-fi  /;  of  IWairum  alt  urn  and  of  J1  : 7/7  jV.  from  a 
'/,:'•  .-..'i*'/:  •.;.'•  ,:«;  o:  >.;..'.:.  it  may  he  j.rej. ared  Lr  precipitating  resiBOUS 
.";.'  ' .".  /.  .•„  '.i**:\.f.  if,'.fi  iivA  water,  filtering,  and  precipitating  the  impure 
A, >-..'..':  ',/  \^/:.  sffi  t 'si f\/ jZ.hr*:  in  large  excess.  The  precipitate  is  then  dried, 
«/f :.  . .  ■ ':  /,.•;!  i/Oiiiri;(  ii'.ohoi.  the  solution  evaporated  to  dr^-ness,  and  the 
/'  ':..«  t\.y*  •.*»*[  '\u  hot  ar.d  vi.ry  dilute  sulphuric  acid.  On  cooling,  granules 
of  j'fvij.'  ^z.  1 1 /!.;;»>;  separate  out,  from  which  the  pure  alkaloid  maybe  pre- 
\nti»i\  \,y\,t,.\txtif^  -AJtli  sofliunri  carbonate. 

'I  hfiv  \tt*\/.ix*:t\,  'y:r\\r\n  is  a  granular  powder,  soluble  in  alcohol,  from  which 
it  My^t;iiJi/i-'f  in  Mii.'ijl  prisms.  When  a  fragment  of  this  alkaloid  is  moistened 
v,.th  {Jfor.;^  jjilpliurio  ii'id,  it  becomes  first  straw-yellow,  and  then  gradually 

DKLI'IIINIKE  (Dclphinia).  Formula,  C.^H^-NO,^ 
l.'.i  iiH  ill  I  lie  seeds  of  llic  Delphinium  Stiip/iisii^ria, 


HTOSCYAJtlNE  (Hyoacyamia).  Formula,  Ci^O^Vfi,.  , 

Exists  in  the  seeds  of  Byosciamus  niger. 

SXETINE  (Emetia).    Formula,  C^uE^NgOg. 

This  alkaloid  is  a  white  pulverulent  mass  obtained  from  and  being  the 
active  principle  of  Ctph^eHs  Ipecacuanha.  It  is  gnly  slightly  soluble  in  water, 
but  very  easily  so  in  alcohol, 

{for  aHmatian  of£inttint  in  Ifecaeuanka,  tit  AufMor't  Aiulytiea]  Oumiltiy.  fia/;t  193.] 

The  chief  remaining  fixed  alkaloids  are  as  follows  : — 


Name. 

FOBMDLA. 

SOUKCK. 

Berberine,     .     .     . 
Cissampeline      .     . 
Physosiigmine    .     . 
Solanine   .... 
Piperine   .... 

Ca,H,,NO,   .     .     . 
CisHjjNO,    .     .    . 
Undetermined    .     . 
C„H„NO,,  .     .     . 
C„H,,NO,    .     .     . 

Calumba  root. 
Cismmpths  Pareira. 
Calabar  Bean. 
Solatium  dulaimara. 
Pepper. 

Tliese  and  many  other  non-o(fidal  alkaloids  will  be  found  fully  described 
in  the  Antbor's  work  on  OrgaJiic  Kateria  Uedica,  to  which  the  student  is 
referred. 

V.    NITRILS. 

Are  derived  from  ammonia  by  the  entire  displacement  of  its  bj'drogen  by 
a  triad  basylous  radical.  Each  nitril  is  isomeric,  and  identical  with  the 
cyanide  of  the  monad  radical  immediately  below  in  carbon  value,  as  already 
seen  (page  310). 

ETHEHTL  NITRIL  (.'ivns.  Acftonitril.    Methyl  Cyanide). 
Formula,  K'-CaKj,  or  CHj '.CH. 

Is  an  oily  liquid,  having  (when  pure)  a  fragrant  odour,  and  boiling  at  1 70°  F., 
irhich  is  prepared — 

I.  By  the  dehydrating  action  of  phosphoric  anhydride  on  ammonium 
acetate : — 

{NHJC,HgOj-3HjO  =  N.CjHj. 

a.  By  distilling  potassium  cyanide  with  potassium  methyl  sulphate: — 
K.CN  +  K.CH,.SO,  =  N.CjHj  +  KjSO,. 

All  the  other  oitrits  are  similar  to  this,  rising  in  a  regular  series  of  boiling 
points,  and  prepared  by  similar  processes.  They  are  employed  to  convert 
an  alcohol  into  tlie  acid  immediately  above  it  in  carbon  value,  because,  when 
heatetl  with  potassium  hydrate,  they  lake  up  water  and  yield  ammonia  and 
the  corresponding  acid.  Thus,  amyl  cyanide,  prepared  from  amyl  alcohol,  is 
caproniiril,  and  when  heated  with  K,HO  it  yields  ammonia  and  caproic  acid. 
Certain  modified  nitrils  have  been  discovered,  which  are  not  readily  affected 
by  alkalies,  but  when  treated  with  dilute  acids  yield  formic  acid,  and  the 
corresponding  amine.  They  arc  called  isocyaoideB,  or  carhamines,  and  are 
prepared  by  healing  an  amine  with  chloroform  in  the  presence  of  alcoholic 
potash  10  neutralize  the  HCl.  set  free.  They  have  a  very  peculiar  and  dis- 
gnsting  odour,  which  is  iiiiliKcd  as  a  test  for  the  presence  of  chloroform  by 
heating  the  suspected  lifpiid  with  aniline  and  alcoholic  potash,  so  produdng 
phenyl  isocyamde. 

CjH^N  i-CHClj  =  N.C;Hs  +  3HCl. 


CHAPTER    XX. 
THE    GLUCOSIDES. 


These  bodies  have  for  the  most  part  very  complicated  formulae,  and  conse- 
quently their  composition  cannot  be  regarded  as  having  been,  in  all  cases, 
determined  with  exactitude.  The  quality  from  which  they  derive  their  name 
is  that  of  yielding  glucose  when  boiled  with  water  and  a  dilute  acid.  This 
reaction  invariably  results  in  the  production  of  one  or  more  compounds 
characteristic  in  their  natiure  of  the  special  glucoside  taken  for  the  experiment, 
and  consists  of  the  assimilation  of  the  elements  of  water,  accompanied  by 
molecular  disruption. 

The  term  saccharogenSy  glucosamideSy  and  sometimes  saccharides^  have  also 
been  applied  to  glucosides.    • 

AMTGDALIN.    Formula,  C^o^^Oii- 

This  glucoside  is  contained  in  the  cherry-laurel  and  in  bitter  almonds. 

It  exists  in  the  latter  to  the  extent  of  nearly  two  per  cent.,  but  is  not  a 
constituent  of  sweet  almonds. 

Araygdalin  is  usually  prepared  from  bitter  almonds  by  reducing  them  to  a 
paste,  extracting  the  fixed  oil  by  pressure,  exhausting  the  residue  by  boiling 
alcohol,  precipitating  by  ether  and  purifying  the  result  by  pressure  between 
blotting  paper,  and  washing  with  ether.  Thus  procured,  it  is  in  opalescent 
laminae,  which  have  the  formula  C20H27NO11.3H2O.  Anhydrous  amygdalin 
is  an  inodorous  solid  which  is  insoluble  in  ether.  It  does  not  dissolve  in 
cold  water  very  freely,  but  is  more  soluble  in  warm  water.  Upon  the  palate 
it  produces  an  impression  which  at  first  is  pleasant,  but  soon  becomes  dis- 
agreeably bitter.  When  in  solution  the  former  effect  does  not  result,  only 
a  faint  bitterness  being  perceptible,  on  account  of  the  limited  degree  of  its 
solubility  in  water  at  60°  F. 

.  By  contact  with  a  ferment  known  as  emulsin  or  synaptase^  glucose,  benzoic 
aldehyd,  and  hydrocyanic  acid  result,  thus  : — 

CgoHg^NOn  +  2H2O  =  2CgHi30e  +  CyHgO  +  HCN. 

In  theory,  457  of  the  anhydrous  variety  should  yield  27  of  hydrocyanic 
acid ;  but  practically  to  produce  i  of  the  acid  it  is  necessary  to  employ  1 7  of 
amygdalin.  It  is  by  no  means  unlikely  that  this  process  may  in  the  course 
of  time  be  employed  for  the  preparation  of  hydrocyanic  acid  for  medicinal 
purposes.  Independently  of  the  ascertained  and  undoubted  characters  of 
amygdalin  as  a  glucoside,  its  behaviour  under  the  influence  of  alkaline 
hydrates  indicates  conclusively  that  it  may  be  regarded  as  amygdalamide. 
The  reasons  for  declaring  this  to  be  the  true  composition  arise  from  amygdalin 
yielding,  like  amides  generally,  ammonia  gas  (NH3)  when  boiled  with  sodium 
hydrate ;  the  bye-product  being  sodium  amygdalate,  from  which  a  strong  acid 


CATHARTIC  ACID.—ARBUTIN. 

liberates  amygdalic  acid.  As  a  necessary  consequence  of  its  being  decom- 
posed by  both  acids  and  alkaline  hydrates,  amygdalin  does  not  form  a  com- 
bination with  either. 

Aqua  Saunmrasi,  B.P.,  contains  an  analogous  body  to  amygdalin,  wid 
which  it  is  possibly  identical  By  a  decomposition  varying  little  if  at  all  ftoi'' 
that  in  the  case  of  almonds,  the  same  products  resulL  The  amount  of  t' 
glucoside  present,  however,  does  not  appear  to  be  so  fixed  as  to  render  t 
percentage  of  hydrocyanic  acid  formed  by  the  action  of  the  ferment  wh* 
accompanies  it,  variable  within  anything  like  deflnite  limits,  and  thus  thi 
phannacui>ceial  preparation  is  both  useless  and  dangerous  to  empl 
medicinally. 

CATHARTIC  ACID.    Formula,  CisoHiaaH^SOsj. 

The  above  formula  is  that  deduced  by  the  discoverers  of  this  body,  whK^ 
is  the  purgative  principle  of  Indian  and  Alexandrian  imna  {Sftiita  IhiHm  ai 
Senna  AUxandrina,  B.P.}.     It  is,  however,  exceedingly  doubtful  whether  t 
numbers  involved  are  so  high  as  above  represented,  though  the  readiness  { 
decomposition  indicates  an  excessively  complex  molecular  c       '     ' 
is  only  soluble  in  water  when  ia  the  form  of  a  metallic  salt,  in  which  ctMl 
dilion  it  is  found  in  the  plants  above  mentioned.     It  is  not  dissolved  1 
alcohol  and  ether,  but  boiling  with  potassium  hydrate  causes  speedy  dissolu- 
tion of  the  molecule,     Tlie  glucosic  body  derived  by  the  action  of  dilute 
sulphuric  add  is  of  a  special  nature,  and  the  principle  simultaneously  formed 
docs  not  greatly  differ  in  its  molecular  weight  from  cathartic  acid  itself,  K'ing 
CjjjHiinN^SOj,  and  bearing  the  name  of  catkartogcnic  add.     The  rcactioa 
by  which  cathartic  acid  splits  up  cannot  in  the  present  state  of  our  knowledf 
be  vcrj-  well  traced. 

The  mftgaeBiata  salt  is  that  which  exists  in  solution  in  "  black  draught*^ 
(in/uium  senna  (o.,  B.P.),  being  formed  by  the  action  of  the  magnesium  sul- 
phate on  the  natural  calhartate. 

Ammonium  cathariate  may  be  procured  by  dissolving  the  acid  in  ammonium 
hydrate  \  and,  as  it  is  a  well-defined  stUt  which  may  be  obtained  in  the  solid 
state,  it  is  very  suitable  for  preparing  other  cathartates.  No  decomposition 
occurs  when  it  is  brought  into  an  antimonious  solution ;  when  it  comes  i  " 
contact  with  tannin  ;  nor  when  presented  to  the  ferrocyanic  and  ferricyai ' 
salts  of  potassium.  I'he  argentic,  stannous,  stannic,  cupric,  mercuric,  a 
plumbic  salts  arc  insoluble  and  of  a  neutral  tint 

The  manner  of  isolating  the  natural  cathartate  in  senna  usually  given,  is  t 
acting  on  an  aqueous  infiision,  after  evaporating  as  much  as  possible  u 
the  air-pump,  with  alcohol  of  90  per  cent,  or  more.     This  throws  down  some 
of  the -cathartate,  but  a  still  larger  quantity  is  precipitated  when    absolute 
iUcohol  is  added  to  the  filtrate.    It  has  been  found  that  the  first  precipitate 
is  much  contaminated  with  coloiu'ing  matter,  and  hence  the  second  alone  i: 
submitted  to  purification.    All  that  is  required  is  to  subject  it  to  a  series  ot  ' 
successive  solutions  in  water,  and  8epa.ration  by  alcohol.     When  tlie  resultiqgfl 
pure  salt  is  dialyzed  (with  hydrochloric  acid)  through  a  parchment  sepliui^l 
the  metallic  chloride  alone  passes  through,  together  with  the  excess  of  aciit  I 
There  are  some  reasons  to  believe  that  the  purgation  caused  by  the  use  dtV 
buckthorn  juice  {rhamni  suarus,  B.P.),  arises  from  its  containing  cathartieJ 
uid  oi 


AHBUTIH.    Formula,  C,,.Hi„0:. 

Is  believed  to  be  one  of   the   active 
(Ardeila/hytos  uva  urss). 


ingrcdicnu   of  bcaibcrry  Icav* 
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When  pure,  it  is  crystalline,  has  a  bitter  taste,  and  is  soluble  in  ether,  alcohol, 
and  water.  By  boiling  with  a  dilute  acid  it  gives  burth  to  hydro-quinone  and 
glucose : — 

CiaHiflOy  +   HjO    =    CeH^Og  +    Q^^O^ 

( Hydroqmnone.) 

The  same  transformation  ensues  by  the  action  of  emulgin.  It  differs  from 
most  similar  bodies  by  not  forming  any  precipitate  with  either  plumbic  oxy- 
acetate,  plumbic  acetate,  or  ferric  chloride.  A  mixture  of  manganic  dioxide 
and  sulphuric  acid  produces  formic  acid  and  quinone  when  allowed  to  act 
upon  arbutin. 

SALICIN.    Formula,  ^y^JS^. 

Derives  its  name  from  the  willow-tree  {Salix\  in  the  bark  of  which  it  is 
contained  abundantly.  Other  of  its  sources  are  castor  {castoreum^  B.P.)  and 
the  bark  of  the  poplar. 

Salicin  is  extracted  by  digesting  willow  bark  with  water  and  plumbic  oxide 
in  fine  powder  for  a  day,  and  then  filtering  and  evaporating  the  filtrate  to  a 
low  bulk.  The  crystalline  mass  which  separates  out  on  cooling,  frequently 
possesses  a  yellow  colour,  but  this  may  be  destroyed  by  digestion  with  animal 
charcoal.  When  pure,  it  is  composed  of  small,  opaque,  scaly,  white  crystals, 
which  are  not  dissolved  by  ether,  and  are  more  readily  soluble  in  water  than 
in  alcohol.  It  is  neutral  to  test-paper,  and  does  not  decompose  under  390°  F., 
and  requires  a  very  strong  heat  to  completely  destroy  it  Gelatin,  plumbic 
acetate,  or  plumbic  oxyacelate,  added  to  a  solution  of  salicin,  form  no  precipi- 
tates ;  but  when  strong  sulphuric  acid  is  dropped  upon  solid  salicin,  a  deep  red 
coloration  is  jJroduced,  which  is  due  to  the  formation  of  an  acid  analogous 
to  sulphindigotic  or  phenyl-sulphuric  acid  is  the  result.  On  heating  with  a 
dilute  acid,  salicin  is  converted  into  glucose  and  saligenin,  thus  : — 

Qs^is^T  +  ^a^  =  CgH^jOg  +  CnrHgOji. 

(Saligenin.) 

The  best  way  of  causing  the  reaction  is  to  heat  the  salicin  with  solution  of 
benzoic  acid  in  a  sealed  tube.  The  resulting  liquid  may  be  proved  to  contain 
glucose  by  boiling  with  Fehlin^s  solution  and  saligenin  by  turning  blue  with 
ferric  chloride.  Distillation  with  oxidizing  mixtures,  such  as  potassium 
dichromate  and  sulphuric  acid,  decomposes  salicin  with  the  formation  of 
salicylol  {salicosyl  hydride^  or  salicylous  acid,  CyHgOg).  This  is  the  substance 
which  consitutes  the  peculiar  odoriferous  principle  of  various  species  of  Spircsa 
(meadow-sweet),  heliotrope,  and  of  some  beetles.  The  sulphuric  acid  appears 
to  ensure  the  production  of  saligenin,  which  oxygen  afterwards  converts  into 
salicylol.     Thus  : — 

2C7H8O2  +  02  =   2C7H6O2  +  2H2O. 

(Salicylol.) 

The  condensed  salicylol  forms  a  purplish  solution  (not  greatly  diflfering 
from  that  produced  by  saligenin)  upon  subjection  to  the  action  of  ferric 
chloride.  It  forms  two  classes  of  compounds,  one  rendering  it  analogous  to 
aldehyds,  the  other  indicating  a  resemblance  to  acids.  By  oxidation  it  yields 
salicylic  acid. 

CROCIN.     Fonmila,  CieHigOg.^ 

Is  contained  in  saffron  {Crocus  sativa),  znd.  is  a  yellowish-red  substance, 
freely  soluble  in  alcohol,  but  much  less  freely  in  ether  and  water.  When 
mued  with  potassium  hydrate  in  weak  solution,  it  forms  a  reddish  liquid,  in 


CROCIN.-ELA  TF.R!N.—D!GITAUN.  J^l 

which  an  almost  violet  flocculcni  precipitate  appears  on  the  addition  of  cth^H 

Nitric  acid  transrorms  lis  coJour  to  green,  and  sulphuric  acid,  if  strong,  ^| 

blue._  jl 

It  is  chiefly  obtained  by  the  decomposition  tApoIychreik,  a  glucoside  whicjsl 

exists  in  saffron  to  a  much  more  considerable  extent  than  crotin.  ^J 

By  healing  with  dilute  acids,  crocetin  and  a  form  of  sugar    resemblinfcW 

;lucnse,  but  known  as  crodn  sugar,  are  produced.  jB 

The  equation,  which  involves  the  taking  up  of  waler,  has  not  yet  bee^| 

rarked  ouL  ^| 

XA.TERIN.    Formula,  C^,E^.gOg.  H 

Is  stated  to  be  contained  to  the  extent  of  20  per  cent,  in  elaterlum,  B.^^f 
ihe  flocculent  matter  whiph  falls  when  the  juice  of  the  "  squirting  cucumbai|^| 
Bcbullii  fntdiis,  is  allowed  to  subside  after  expression.  TB 

Elaterin  is  soluble  in  alcohol,  and  may  be  separated  from  the  Starch  aDo9 
fibre,  co-existent  with  it  in  elatcrium,  by  treating  with  boiling  spirit  If  tba9 
spirituous  solution  be  evajioniied,  and  mixed  with  sodium  hydrate  dissolve^fl 
in  hot  water,  the  resinous  contamination  of  the  elaterin  will  be  converted  ioU'l 
a  saponaceous  sodium  salt,  and  the  pure  glucoside  be  deposited  in  crystiUs.  J 
Absolute  freedom  from  foreign  matters  is  secured  by  several  rccrystallixationS  J 
liom  spirit.  \ 

The  glucosidic  nature  of  elaterin  is  doubtful ;  it  is,  however,  certain  than 
claicrium  contains  a  glucoside,  because  it  yields  glucose  when  boiled  wlthw 
dilute  sulphuric  acid ;  but  whether  or  not  this  glucoside  be  elaterin,  whic^  J 
docs  not  invariably  give  this  reaction,  is  as  yet  an  open  question.  I 

The  amount  of  elaterin  elattrium  will  yield,  is  made  by  the  Pharmacopcdav 
(O  constitute  an  important  test,  as  will  be  seen  from  the  following  : —  I 

Charaders  and  Tesli.—\n  light  friable  slightly  incurved  cakes,  about  onel 
line  thick,  greenish-grey,  acrid,  and  bitter;  fracture  finely  granular.  DoeS-l 
not  effervesce  with  acids ;  yields  half  its  weight  to  boiling  rectified  spiril;^ 
This  solution,  concentrated  and  added  to  warm  solution  of  potash,  yields  oij 
cooling  not  less  than  10  per  cent,  of  elatcnn  in  colourless  crystals.  JH 

SIQITALIH.    X-omnla,  C^H^O^,.  V 

This  is  the  official  di^i,iliiiiim,  B.?,,  and  is  directed  to  be  prepared  frgqj 
the  kuves  o^ DigitaHs f>urj>uita,  H.P.,  by  the  undermentioned  process: —  "^ 
Digest  40  ounces  of  digitalis  with  a  gallon  of  the  spirit,  for  twenty  hours,  1(1 
a  temperature  of  130°,  then  put  them  into  a  percolator,  and  when  the  tinctttnn 
haa  ceased  to  drop,  pour  a  gallon  of  spirit  on  the  contents  of  the  percolators 
and  allow  it  slowly  to  percolate'  through.  Distil  off  the  greater  part  of  tlwl 
spirit  from  the  tincture,  and  evaporate  the  remainder  over  a  water  bath  untSI 
the  whole  of  the  alcohol  has  been  dissipated.  Mix  the  residual  extract  witb'l 
five  ounces  of  distilled  water  to  which  half  an  ounce  of  acetic  acid  has  beot'l 
prc%-iousIy  added,  and  digest  the  solution  thus  formed  with  a  quarter  of  n  1 
ounce  of  purified  animal  charcoal,  then  filter  and  dilute  the  filtrate  with  db>  I 
tilled  water  until  it  measures  a  pint.  Add  solution  of  ammonia  nearly  to  neii- 1 
traliuiion,  and  afterwards  add  one  hundred  and  sixty  grains  of  Linnicacid] 
dissolved  in  three  ounces  of  distilled  water.  Wash  ihe  precipitate  that  will  be] 
fbrrned  with  a  little  distilled  water;  mix  it  with  a  small  quantity  of  the  spitfn 
and  a  quarter  of  an  ounce  of  the  oxide  of  lead,  and  nib  them  together  in  a] 
mortar.  Place  ilie  mixture  in  a  llask.  Jind  add  to  it  four  ounces  of  the  spirit  jS 
ntte  the  temperature  to  i6o°I-'.,  and  keep  it  at  this  heal  fur  about  an  hoiirj  J 
then  add  n  quarter  of  an  ounce  of  purified  animal  charcoal ;  put  il  on  a  filbE^  J 
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and  from  the  filtrate  carefully  drive  oflf  the  spirit  by  the  heat  of  a  water  bath. 
Lastly,  wash  the  residue  repeatedly  with  pure  ether,  and  then  dry  it 

In  this  process  the  digitajin  is  dissolved  out  from  the  alcoholic  extract 
by  diluted  acetic  acid,  and  the  solution  partially  decolorized  and  nearly 
neutralized.  It  is  precipitated  by  tannic  acid,  which  forms  a  tannate  of 
digitalinum.  On  rubbing  this  with  plumbic  oxide  and  alcohol,  plumbic 
tannate  is  formed,  and  the  digitalinum  set  free,  which  dissolves  ia  the  alcohoL 

The  amorphous  substance  prepared  as  above  contains  an  inactive  impurity, 
insoluble  in  chloroform;  thus  it  may  be  readily  separated  from  the  pure 
glucoside,  which  dissolves  in  that  menstruum.  By  this  method  an  uncrystal- 
lized  product  is  obtained,  which,  however,  assumes  the  definite  form  of 
acicular  crystals  agglomerated  into  star-like  masses  when  crystallized  from 
alcohol.  When  boiled  with  a  dilute  acid,  glucose  is  formed,  together  with 
a  body  exclusively  formed  by  the  decomposition  of  digitalin,  known  as 
digit aliretitiy  thus  : — 

C27H45O15  +  2H3O     =     CigH^BOg  +  2CeHi20e- 

(Digitaliretin.) 

Digitalin  is  usually  mej  with  in  porous  mammillated  masses  or  small  scales, 
white,  inodorous,  and  intensely  bitter ;  readily  soluble  in  spirit,  but  almost 
insoluble  in  water  and  in  pure  ether  ;  dissolves  in  acids,  but  does  not  form 
with  them  neutral  compounds ;  its  solution  in  hydrochloric  acid  is  of  a  faint 
yellow  colour,  but  rapidly  becomes  green.  It  leaves  no  residue  when  burned 
with  free  access  of  air.  It  powerfully  irritates  tke  nostrils,  and  is  an  active 
poison. 

OUAIACIN.    Formula,  C20H23O5. 

The  exudation  from  Guaiacum  officinale  consists  of  this  glucoside,  together 
with  guaiaretinic  acid.  The  result  of  boiling  the  resin  with  dilute  acid,  is  the 
formation  oi  guaiaretin^  a  resinoid  body  insoluble  in  water  and  of  a  greenish 

colour. 

In  contact  with  oxidizing  bodies,  such  as  chromic  acid,  oxygen,  or  even 
air,  products  of  successive  oxidation  are  formed,  at  first  of  a  blue  or  green 
colour,  but  afterwards  becoming  brown. 

If  the  resin  be  dissolved  in  alcohol,  these  reactions  are  exhibited  to  the 
best  advantage.  In  consequence  of  the  above-mentioned  quality,  a  solution 
of  guaiacum  in  alcohol  forms  one  of  the  best  tests  for  chromic  acid.  Gluten 
produces  a  similar  effect  to  oxidants ;  starch,  however,  does  not ;  but  gum 
resembles  gluten  in  its  behaviour  towards  guaiacum,  even  if  the  impure  form 
of  guaiacum  resin  be  used.  The  official  resin  is  described  as  being  in  large 
masses  of  a  brownish  or  greenish-brown  colour  \  fractured  surface  resinous, 
translucent  at  the  edges.  A  solution  in  rectified  spirit  strikes  a  clear  blue 
colour  when  applied  to  the  inner  surface  of  a  paring  of  raw  potato. 

GLYCYRRHIZIN.    Formula,  ^^^y^^  (?). 

This  is  the  sugar  contained  in  the  root  of  Glycyrrhiza  glabra,  and  in  an 
impure  form  constitutes  extractum  glycyrrhizce,  B.P. 

When  this  glucoside  is  boiled  with  dilute  hydrochloric  acid,  the  decom- 
position which  occurs  is  : — 

Co^HggOg  +  HgO  =  CigHggO^  +  CgHi20(j. 

(Glycyrrhetin.) 

It  may  be  procured  in  a  purer  condition  by  making  an  aqueous  extract  of 
the  root  by  maceration,  and  adding  potassium  hydrogen-tartrate  to  the  clear 
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liquid.      The  precipitate  which  falls  is  treated  with  alcohol,   the  s 
filtered  and  evaporated.     The  residue  consists  of  pure  glycyrriii/in. 

When  it  has  been  thus  purified  it  consists  of  an  almost  pure  white  amoj 
phous  substance,  which,  however,  is  very  slightly  yellow,  and  is  darkened  h" 
sodium  hydrate  to  an  orange  tltiL  It  is  thrown  down  from  a  solution  E 
most  mineial  salts.  The  ordinary  solvents  take  It  up  readily.  If  from  iS 
sweet  taste  it  be  regarded  as  a  sugar,  it  must  be  cksacd  amongst  those  whld^ 
do  not  ferment.  • 


SAMTONIH.    Pomula,  Ci.HiA- 

This  substance  is  one  of  tlie  few  official  glucosides,  being  sarttentnum,  B.ft 
which  is  thus  directed  to  be  prepared  from  the  flower-buda  of  Artemisia  ;— 

Boil  I  lb.  of  santonica  with  a  gallon  of  water  and  5  ounces  of  lime,  i 
copper  or  tinned  iron  vessel,  for  an  hour,  strain  through  a  stout  cloth,  i 
express  strongly.  Mix  the  residue  with  half  a  gallon  of  water  and  2  ounc< 
of  linie,  boil  for  half  an  hour,  strain,  and  express  as  before.  Mix  the  sirainej 
liquors,  let  them  settle,  decant  the  fluid  from  the  deposit,  and  evaporate  fi 
the  bulk  of  two  pints  and  a  half.  To  the  liquor,  while  hot,  ndd,  with  diligcfl 
stirring,  hydrochloric  acid  until  the  fluid  has  become  slightly  and  permanent 
acid,  and  set  it  aside  for  five  days  that  the  precipitate  may  subside.  Remo^ 
by  skimming  aoy  oily  matter  which  floats  on  the  surface,  and  carefully  decani 
the  greater  part  of  the  fluid  from  the  precipitate.  Collect  this  on  a  papa 
filter.  wa«h  it  first  with  cold  distilled  water  till  the  washings  pass  colourlesv J 
and  nearly  free  from  acid  reaction,  then  with  half  an  ounce  of  solution  of  aj 
monia  previously  diluted  with  five  fluid  ounces  of  water,  and  lastly  with  col. 
distilled  water,  till  the  washings  pass  colourless.  Press  the  filler  containin| 
ihc  precipitate  between  folds  of  filtering  paper,  and  dry  it  with  a  gentle  h 
Scrape  the  dry  precipitate  from  the  tiller,  and  mix  it  with  animal  charcoi 
Pour  on  nine  ounces  of  rectified  spirit,  digest  for  half  an  hour,  and  boil  fi 
ten  minutes. 

Filter  while  hot,  wash  the  charcoal  with  an  ounce  of  boiling  spirit,  a 
tite  filtrate  aside  for  two  da>'a  in  a  cool  dark  place  to  crista tli/.e.     Scps 
the  tnoUier-liquor  from  the  crystals,  and    concentrate  to  obtain  i 
product     Collect  the  crysLils,  let  them  drain,  rcdissolvc  them  in  four  0 
of  boiling  spirit,  and  let  the  solution  crystallize  as  before.     Lastly,  1 
crystals  on  fillering-|wper  in  the  d.irk,  and  preserve  them  in  a  bottle  protecM 
from  light. 

Thus  prepared,  santonin  is  met  with  in  colourless  flat  rhombic  prisin 
feebly  bitter,  fusible  and  sublimabie  nt  a  moderate  heat ;  scarcely  soICiu 
in  cold  water,  sparingly  in  boiling  water,  but  abundantly  in  chloroform  a 
in  boiling  rectified  spirit     Sunlight   renders   it  yellow ;   not  dissolved  L 
dilated  mineml  acids ;  entirely  dcsinictible  liy  a  red  heat  with  free  accei 
of  air.     It  dissolves  in  water  in  the  presence  of  sodium  cirbonate,  if  s 
Ctent  be  present  to  form  an  alkaline  salt,  which    possibly  occurs  in  co 
qncncc  of  santonin  being  an  add,  though  not  of  a  well-defined  nature, 
ammonium  salt  cannot  be  formed  by  the  direct  action  of  ammonium  hydrates  1 
but  calcium  santonate  being  soluble  in  water,  while  the  ammonium  compouiiid'J 
is  not,  the  latter  may  be  directly  formed  by  precipitation  from  the  former.    Th*  I 
characteristic  reaction  of  ail  glucosides  is  in  tliis  case  accom|>anic>l  by  the  I 
formation  of  a  restnoid  body  (which  is  soluble  In  alcohol,  but  not  in  wai   ' 
aud  is  known  M  santtmirrliii)  and  glucose.     VVIien  santonin  is  dissolvc<l  ii 
few  dro[)S  of  strong  sulphuric  acid  and  a  dilute  solution  of  ferric  chloride  a 
drop  by  drop  (with  constant  agitation),  a  fine  violet  colour  is  produced. 


h 
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CONVOLVULIN.    Pommla,  CgiH-oOig. 

Is  contained  to  a  large  extent  in  jalapa^  B.P.,  and  is  converted  on  boiling 
with  a  dilute  acid  into  glucose  and  convolvulinol,  thus : — 

It  is  also  the  chief  portion  o{  jalapa  resina,  B.P.,  and  is  left  insoluble  when 
that  body  is  treated  with  ether.  It  is  insoluble  in  turpentine,  while  common 
resin  dissolves ;  and  its  presence  may  be  therefore  detected  by  the  use  of  that 
menstruum. 

JALAFIN.    Formula,  Cs^Hg^Qi^. 

Is  the  chief  part  of  scammonUe  resinay  B.P.,  and  also  exists  in  jalap  resin 
to  a  small  extent.  Dilute  acids  boiled  with  jalapin  will  resolve  it  into  glucose 
diXidi  jalapinolic  acidy  thus  : — 

Jalapin  is  taken  up  by  ether  without  reference  to  proportion.  On  account 
of  the  vjftue  of  scammony  resin,  it  is  frequently  sophisticated  with  the  resins 
of  jalap,  pine,  and  guaiacum.  One  of  the  best  tests  for  scammonin, — which 
however  is  only  reliable  in  the  absence  of  ordinary  resin, — is  sulphuric  acid, 
by  which  a  red  coloration  is  caused.  The  official  substance,  scammoniumy 
contains  80  to  90  per  cent,  of  the  resin,  the  remainder  being  gum.  Guaiacum 
resin  may  be  detected  by  the  blue  colour  formed  when  it  is  treated  with 
oxidizers,  such  as  a  mixture  of  potassium  dichromate  and  sulphuric  acid;  and 
jalap  resin  (convolvulin)  by  the  impure  jalapin  not  being  entirely  soluble  in 
ethyl  oxide. 

It  is  an  unfortunate  confusion  of  names  which  denoniinates  the  active 
portion  of  scammony  XQsm.  jalapifty  and  of  jalap  resin  convolvulin;  but  such  is 
the  present  nomenclature,  and  we  can  only  bow  to  it 

COLOCYNTHIN.    Formula,  CBcHg^Ogg. 

Is  an  extremely  bitter  and  powerfully  purgative  body,  constituting  the  active 
principle  of  colocynth  {colocynthidis pulpdy  B.P.,)  from  which  it  is  prepared  by 
infusing  the  pulp  with  water,  and  treating  the  clear  liquid  with  plumbic  acetate 
and  animal  charcoal.  The  latter  absorbs  the  colocynthin  (as  it  does  also  the 
bitter  principle  of  gentian  when  that  root  is  similarly  treated).  On  boiling 
the  charcoal  with  water,  the  colocynthin  is  again  taken  up,  and  to  the  solution 
charcoal  is  once  more  added.  Separation  of  this  latter  charcoal  and  treat- 
ment with  boiling  alcohol  is  next  necessary,  and  if  the  solution  be  imme- 
diately poured  off  and  allowed  to  cool,  a  pure  product  separates  out  as  the 
temperature  decreases. 

Colocynthin,  when  dissolved  in  either  water  or  alcohol  (it  is  insoluble  in 
ether),  is  usually  thrown  down  by  metallic  salts  in  a  gelatinous  condition. 

The  action  of  a  dilute  acid  is  attended  by  decomposition  into  colocynthein, 
which  is  a  resin,  and  glucose : — 

C5gH840.2s  +    2H2O    =    C^Hg^Ois  4-    2C8Hi20g.  ' 

(Colocynthin.)  ^  (Colocynthein.) 

jEScuLnr. 

^sculin  is  a  constituent  of  the  variety  of  chestnut  known  popularly  as  the 
"  horse  chestnut." 
Several  formulae  have  been  assigned  to  this  principle ;  but  the  present  state 
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of  uncertainly  warrants  us  in  hgiding  our  o[}inion  as  to  tlie  correctness  ofai 
ot  them  in  abeyance,  II  is  a  white  crystalline  substance,  which  may  ] 
thrown  down  from  an  aqueous  solution  by  plumbic  acetate,  which  acts  up< 
cupric  solutions  like  glucose,  is  turned  red  by  chlorine,  and  is  much  lei 
soluble  in  alcohol  and  in  water  when  they  are  cold  than  when  ihey  are  ho(. 
Its  most  characteristic  property  is  the  exhibition  of  a  bluish  fluorescenof 
when  such  of  the  rays  of  light  as  are  unable  to  render  ordinary  objects  v' 
(technically  called  the  "ultra  violet  rays  ")  fall  upon  a  solution. 

An  accnmpanybg  body,  paviin,  gives  rise  to  a  greenish  fluorescence  ' 
these  rays  fall  upon  its  solution, 

AKNICIN. 

Ddcs  tiot  appear  to  hai'e  been  well  isolated,  as  the  formula  given  diffec 
much.     It  is  stated  to  be  a  yellow  bitter  substance,  incapable  of  cry  stall  iu 
tion,  much  more  easily  soluble  in  ether  than  in  water,  and  yielding  a  browi 
precipitate  together  with  glucose,  when  boiled  with  dilute  acids.     It  possess 
the  odour  and  taste  of  arnica. 

chibatht. 

Tliis  is  a  yellowish  neutral  glucosidc,  and  to  it  are  attributed  tlic  medicia 
effects  produced  by  chirata,  B.P. 

QiSLKTTS. 

Is  a  glucoside  belonging  to  a  class  which  might  appropriately  be  name^ 
gtucesamuia,  as  it  yields  an  ammonium  salt  when  boiled  with  a  dilute  acidil 
It  is  coniajncd  in  almost  all  parts  of  the  body  except  tlie  cartilages,  at  " 
when  extracted  by  boiling  water  becomes  semi-solid  on  the  cooling  of  tl 
solution.     If  however  jiure  glycerin  be  substituted  for  the  water,  geiatinia 
tion  does  not  occur  as  before,  thus  indicating  that  the  gelatin  requires  to  eni 
into  a  Sj>ecies  of  combination  with  the  water  in  order  to  form  a  true  jclty.  t 

Isinglass,  B.P.,  is  the  purest  form  of  gelatin,  and  is  stated  to  be: —  ] 

The  swimming  bladder  or  sound  of  various  species  of  Adptmer,  ZitA 
pTciiared  and  cut  into  tine  shretls. 

Gelatin  in  solution  yields  a  precipitate  when  treated  with  a  solution  < 
tannic  acid.  This  is  exactly  the  same  in  composition  as  ordinarj-  leattu 
and  is  of  a  greyish  tint.  Its  formation  becomes  a  useful  test  both  for  tana 
acid  and  gelatin.  .Muminium  salts,  plumbic  acetate,  and  plumbic  oxyaccta 
give  no  result  when  added  to  dissolved  gelatin.  A  lo-grain-to-thc-oun 
solution  in  water  is  official  as  a  test  for  tannic  acid.  Size  and  glue  t 
consist  of  gelatin  in  a  more  or  less  impure  condition. 

CHONDBIN.    Pormtila,  Q,JS.^^iO^„. 

Is  a  body  performing  those  functions  in  the  cartilages  which  gelatin  j 
forms  in  the  muscles  and  bones.  It  gives  precipitates  with  subxton 
which  do  not  affect  gelatin ;  for  instance,  aimn,  organic  adds,  plumbic  acela; 
and  plumbic  oxy acetate. 

It  might  be  supposed  from  the  name,  that  Chondmt  erUpus,  B.P.  (Ij 
moss),  would  contain  chondrin;  but  instead  of  this  being  the  cue,  \ 
principal  constituent  is — 

PECTIN.    PotTHula,  C^jH^Oh- 

This  I>Dily  is  that  which  causes  cooked  Ihiit  to  assume  a  kind  of  gelatin 
consistence  on  cooling.     It  is  soluble  in  water,  and  is  not  rcodcTKl  opi 
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by  drying.     By  prolonged  contact  with  pectin  o»  any  of  its  isomers  (of  wHA-* 
several  exist,  all  like  itself  devoid  of  taste)  alkalies  form  pectatea,  the  acid  of 
which  is  said  to  have  the  formula,  CjgHj^Ojj,  and  to  be  inioluble  in  water. 

SKILACIH,  or  PABILIJ]!]'. 

Has  not  been  much  investigated,  even  its  formula  being  uncertain. 

It  is  composed  of  dear,  colourless,  and  odourless  crystals,  of  an  a 
form  and  soluble  in  alcohol.     ^Vhen  treated  with  strong  sulphuric  i 
solution  of  a  red  colour  results,  which  is  not  permanent,  as  it  passes  i 
purplish  and  afterwards  to  a  yellowish  tint,  which  is  due  to  the  co- 
of  unchanged  red,  and  a  green  colour. 

Water  does  not  dissolve  smilacin. 

SAPONIN.    Formula,  Ci^H^O,. 

This  is  a  constituent  of  the  root  of  the  pink  and  some  other  plants,  i 
derives  its  name  from  existing  in  Saponaria  officinalis,  the  soap-wort. 
ihe  root  of  this  plant,  when  shaken  or  beaten  up  with  water,  it  yields  a  1  ^ 
It  has  been  said  to  be  identical  with  smilacin;  and  another  glucosid 
polygalic  acid  (the  active  principle  of  senega  root), — is  supposed  to  foi 
by  decomposition. 


^ 


THE  ALOINS. 

These  bodies  have  been  investigated  to  such  an  extent  that  the  i 
formerly  held  of  their  being  glucosides  has  been  disproved.  UnfortUOl 
however,  experiments  have  not  been  made  with  sufficient  certainly  to  ( 
their  exact  classification,  although  the  strong  presumption  is  that  tht 
members  of  the  phenol  series.  This  idea  is  supported  by  the  facts  (i] 
they  may  be  made  to  yield  sulpho  salts  similar  to  hydrogen  phenyl-sulp] 
(2)  thai  with  ferric  chloride  they  produce  a  greenish  coloration ;  and  ( 
under  the  influence  of  nitric  acid  they  yield  such  products  as  picric  add. 

The  aloin  obtained  from  a  sample  of  aloes  differs  according  to  the  bota 
origin  of  ihe  juict,  and  we  have  : — 

BARBALOIN. 

This  body  is  obtained  from  Barbadoes  aloes  by  boiling  one  pound  11 
gallon  of  water  slightly  acidulated  with  sulphuric  acid  The  solution  1 
obtained  having  been  allowed  to  stand  for  twenty-four  hours  to  deposit  I 
ous  matter,  is  poured  off,  quickly  concentrated  by  evaporation  to  about  t 
ounces,  and  set  to  crystallize.  The  crystals  of  aloin  obtained  are  pari6e( 
re-cry  SI  all  ization  from  very  dilute  spirit,  fiarbaloin  is  in  yellow  prisi 
crystals,  very  soluble  in  water,  alcohol,  and  ether.  Its  solution  gives  ■ 
bromine  water  a  yellow  precipitate  of  brom-aloin,  and  the  solid  itself  tl 
red  when  treated  with  nitric  acid,  the  colour  rapidly  fading.  When  subjet 
to  a  lengthened  treatment  with  nitric  acid,  it  yields  both  picric  and  e' 
samic  acids.     It  begins  to  melt  at  300°  F. 


\  80CAL0IN,  or  ZANALOIN. 

The  aloins  of  Socotrine,  Znnsihar,  and  Cape  aloes  veiy  closely  reset 
i  barbaloin  ;  but,  according  to  Rochleder,  Bocaloin  must  be  reganded  as  dis- 
I  tinct.  It  is  much  less  soluble  in  ether  than  barbaloin,  and  commences  to  melt 
[  ,at  245°  F. 


NATALOIN. 
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May  be  isolated  ftom  Naial  abeshf  a  similar  process  to  the  aloms  already 
described  It  oystallizes  in  plates,  and  is  only  slightly  soluble  in  water  and 
akohcd.  The  red  colour  produced  by  strong  nitric  acid  with  nataloin  does 
not  fiuie,  as  in  the  case  of  barbaloin,  and  it  gives  no  precipitate  with  bromine. 
Tceated  with  nitric  add  it  yields  picric  and  oxalic  acids,  not  chrysamic  acid. 

Aocoiding  to  the  authority  already  quoted,  the  figures  obtained  in  the 
analyns  of  die  aloins  correspond  equally  well  to  fonni2»  only  half  as  great, 
and  when  viewed  by  this  light  we  have  a  new  homologous  series,  as  follows : — 

Socaloin ^i^ifii* 

Natalom CjeHigOT. 

Barbaloin CiyH^O^. 

DifiBoing  fiom  each  other  by  the  constant  increment  CHg.  Since  this, 
TQden  has  shown  diat  rally  anhydrous  barbaloin  and  socaloin  are  isomeric, 
and  have  the  formula  C^H^07 ;  and  if  this  be  so,  then  the  three  are  all  the 
same  things  only  vaiymg.  m  hydration.  It  is  to  be  hoped  that  further 
reseaicfaes  will  put  the  whole  matter  of  the  aloins  on  a  firmer  basis. 


CHAPTER    XXI. 
ALBUMINOUS  AND  PIGMENTARY  BODIES. 


I.  ALBUMINOUS   BODIES. 

Are  a  class  by  themselves,  and  form  the  principal  portion  of  the  solid  matters 
of  which  the  animal  frame  is  built  up ;  they  also  6xist,  though  not  to  so  large 
an  extent,  in  the  tissues  of  vegetables. 

ALBUMEN.    Formula  nncertain. 

The  white  of  egg  {albumen  ovi^  B.P.)  is  a  very  pure  form  of  this  body  in  union 
with  a  small  proportion  of  a  membranous  substance  insoluble  in  water  and 
removable  by  subsidence  after  shaking  up  the  white  of  egg  with  that  solvent 
A  solution  containing  2*5  to  3*5  per  cent  (the  white  of  one  t^  to  four  ounces 
of  water)  is  the  solution  of  albumen  employed  by  the  B.P.  as  a  test    When 
heated  to  temperatures  above  180°  F.,  albumen  forms  coagula,  such  as  most 
persons  have  observed  floating  in  the  water  in  which  an  accidentally  cracked 
egg  has  been  boiled.     In  consequence  of  many  salts,  especially  those  of  mer- 
cury, silver,  lead,  aluminium,  and  tin,  forming  insoluble   compounds  with 
albumen,  it  is  a  useful  antidote  for  metallic  poisons.    The  insoluble  compound 
must,  however,  be  immediately  removed  by  a  stomach-pump,  otherwise  absorp- 
tion into  the  system  will  occur,  in  spite  of  the  insolubility  of  the  albumen  com- 
pound.    Carbo-acids  generally,  such  as  acetic  and  tartaric,  do  not  coagulate 
albumen ;  but  tannic  acid  is  an  exception  to  this  rule.     Mineral  adds,  such  as 
nitric,  hydrochloric,  and  sulphuric,  when  added  to  a  solution  of  albumen,  give 
a  precipitate  in  the  cold,  which,  on  heating  with  excess,  dissolves,  with  the 
formation  of  a  colour  varying  from  yellow  (when  nitric  acid  is  taken)  or  blue 
(when  hydrochloric  is  employed)  to  reddish  or  purplish-brown.     Alkalies 
dissolve  the  precipitate  which  mineral  acids  form,  and  if  pure  solid  albumen 
(obtained  by  the  addition  of  alcohol  to  an  aqueous  solution)  be  introduced 
in  a  weak  alkaline  solution,  it  dissolves  readily. 
The  approximate  composition  of  white  of  egg  is  : — 

Salts    .        .        .        .       ^'3^        /Fibrinous  Matter,  etc.  •      4*2 


"S»  ;    :    :  ,^:;  o^Aibu,.™  .    .    .  .s-o 

Water.        .        .        .     85-0)        ( Water  .        .        .        .    808 


loo'o  100*0 


A  variety  of  albumen  existing  in  the  serum  of  blood  (the  colourless  liquid 
in  which  the  corpuscles  are  suspended)  differs  from  that  of  the  egg  by  not  yield- 
ing a  coagulum  with  ether^  as  the  latter  does.    White  of  egg,  under  the  French 
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technical  name  of  glaire,  is  used  to  impait  a  gloss  to  cards,  the  covers  ol 
books,  and  other  surfaces.  It  is  also  employed  as  a  clarifying  agent,  acting 
by  forming  an  insoluble  compound  with  some  constituent  of  the  liquid  into 
which  it  is  introduced,  which  cotnpound  can  be  removed  either  by  allowing  it 
to  settle  and  then  drawing  off  the  clear  liquid,  or  by  skimming.  Occasionally 
it  b  requisite  to  apply  heat  in  order  to  throw  down  the  albumen,  and  in  this 
case  the  coagulum  encloses  mechanical  impurities,  consequently,  when  the 
whole  is  removed,  a  clear  liquid  is  lef^. 

It  is  as  yet  unknown  whether  any  chennical  change  occurs  on  heating  albu- 
men until  it  coagulates.  The  contents  of  the  lacteal  and  lympathic  vessels 
have  albumen  as  one  of  their  constituents  ;  and  in  the  brain,  the  muscles,  and 
the  organs  connected  with  digestion  and  excretion,  this  substance  is  also  to  be 
found.  Inflammation  of  the  glands  concerned  in  the  secretion  of  saliva,  bile, 
gastric  juice,  and  mucus,  cause  these  substances  to  contain  albumen,  though 
normally  it  is  absent  from  them.  Its  presence  in  the  urine  is  an  indication  of 
serious  functional  derangement  of  the  kidneys.  The  great  difficulties  in  the 
determination  of  the  formula  of  such  a  complex  compound  as  albumen,  render 
those  experiments  which  hare  from  time  to  time  been  made,  with  the  view  ol 
obtaining  it,  by  no  means  absolutely  reliable.  It  is  probable,  however,  that 
HNaC™H,](|NigSOj9.H30  is  approximate  to  ihe  truth.  This  composition 
resembles  that  of  gelatin,  which  contains  rather  more  nitrogen,  and  rather 
IcM  carbon  and  hydrogen. 

The  yellow  yolk,  or  yelk,  of  egg  is  used  in  the  B,P.  for  making  mistura 
fpiritus  xnni  Gallia,  under  the  name  of  ori  irilcllus.  It  contains  phosphorus  as 
well  as  sulphur,  and  besides  this  differs  chiefly  from  the  white  in  containing 
sotDC  casein,  and  yellow  oily  and  fatty  matters  to  the  extent  of  about  ag  per 
cent.  These  fatly  matters  may  be  dissolved  out  of  the  coagulated  yolk  by 
Iieatment  with  warm  alcohol  and  ether.  Seventeen  per  cent  of  albuminous 
bodies  are  said  to  be  contained  in  yolk  of  egg  ;  but  whether  this  be  wholly  or 
only  in  part  albumen  is  uncertaia  In  (he  presence  of  gum,  or  such  salts 
as  potassium  nitrate,  calcium  chloride,  or  magncsiimi  sulphate,  acetic  acid 
gives  a  precipitate  with  albumen,  though  otherwise  it  does  not  On  the  addi- 
tion of  plumbic  acetate  to  the  senim  of  blood,  a  cDm|>otmd  is  obtained  which, 
when  suspended  in  water,  through  which  a  stream  of  carbonic  anhydride  is  ' 
passed,  yields  on  filtration  an  opalescent  soli«ion  of  albumen.  This,  when  | 
neatcd  to  160"  to  164°  F.,  coagulates  completely,  the  reaction  commencing  at 
140"  F. 

Bf  exposing  a  thin  layer  of  white  of  egg,  spread  upon  a  glass  or  metal  plate, 
to  ixy  air,  a  yellowish  lilm  is  procured,  which  does  not  decompose  by  keeping 
(or  any  length  of  time,  unless  it  become  damp.  When  an  egg  is  boiled,  a 
trace  of  an  alkaline  sulphide  is  formed,  hence  the  blackening  of  silver  articles 
when  left  in  contact  with  it.  h  distinct  block  precipitate,  of  more  or  less 
impure  plumbic  sulphide,  results  from  heating  albumen  with  potassium 
hydrate  and  plumbic  acetate. 


I         CASEIN. 

'  Ie  the  nitrogenous  constituent  of  milk,  giving  to  that  liquid  its  great  nutri- 

I  tive  value. 

It  differs  from  albumen  in  not  being  found  in  Ihe  tissues,  muscles,  or  tn  the  I 

I  blood.  I 

Milk  yields  it  in  tlie  purest  condition  by  treatment  with  magnesium  sulphate  ■ 

in  cryntala;  a  precipitate  falls,  which  should  be  collected  upon  a  filter  e 

«»dwd  with  a  strong  solution  of  magnesium  sulphate  dissolved  in  pnicn 


3io  ALBUMINOUS  AND  PIGMENTARY  BODIES. 

The  floating  fatty  matter  is  skimmed  off,  and  then,  acetic  acid  being  used  to 
form  a  coagulum,  almost  pure  casein  is  obtained. 

Milk  contains  3  to  3*5  per  cent  of  casein,  which  itself  contains  a  metal, 
and  ought  probably  to  be  regarded  as  a  salt  Casein  dissolves  in  water  more 
readily  if  it  be  slightly  alkaline  than  otherwise,  and  may  be  distinguished  from 
albumen  by  not  coagulating  when  a  solution  of  it  is  boiled,  and  by  being  coagu- 
lated by  acetic  acid.  When  this  acid  is  added  to  milk,  the  casein  is  rendered 
insoluble,  but  it  also  takes  with  it  the  fatty  matters.  The  metallic  salts  which 
throw  down  albumen,  also  precipitate  casein.  By  exposure  to  dry  air  casein 
becomes  dehydrated,  and  then  refuses  to  redissolve  in  water. 

When  treated  with  potassium  hydrate,  most  albuminoids  form  aUmminaU^ 
ox  protein^  which  bears  a  great  resemblance,  in  some  cases,  to  casein. 

If  strong  hydrochloric  acid  be  substituted  for  potassium  hydrate,  syntomn^ 
or  para-peptone^  is  produced. 

FIBRIN. 

Results  from  the  action  on  each  other  of  two  albuminoids  contained  in  blood- 
serum,  and  in  the  serum  of  the  pericardium,  of  the  lymphatics,  and  of  the 
lacteals.  Both  dissolve  in  saline  solutions,  if  an  excess  of  sodium  chloride  be 
not  present,  as  well  as  in  dilute  acid  and  alkalies.  The  formation  of  fibrin 
takes  place  most  readily  at  about  100°  R,  and  it  is  also  produced  much  more 
freely  in  contact  with  dead,  or  imoiganized,  than  with  or^nized  matters. 
Fibrin,  as  formed  by  the  interaction  just  mentioned,  is  a  gelatmous  and  trans- 
parent, or  a  fiocculent  solid.  It  may  also  be  prepared  firom  blood,  by  agitat- 
ing it  with  a  bundle  of  twigs  or  wires,  removing  the  blood  corpuscles  (by 
washing  with  water)  firom  the  adherent  pseudo-coagulum,  and,  siter  drying 
slightly,  treating  witii  ether,  to  dissolve  out  fatty  contaminations.  At  162°  F. 
fibrin  is  converted  firom  a  transparent  into  a  translucent  condition.  When 
it  is  treated  with  water  acidulated  with  hydrochloric  acid,  and  the  mixture 
evaporated  to  dr3mess  in  a  water-bath,  an  "amyloid  substance"  is  produced, 
resembling  coagulated  albumen,  but  which  is  acted  upon  by  iodine  with  the 
production  of  a  red  colour,  and  gives,  with  the  same  reagent,  after  previous 
treatment  with  sulphuric  acid,  a  purplish  reaction.  When  flesh  undeigoes 
digestion  in  the  stomach,  the  first  product  is  para-peptoiie ;  but  this  is  quickly 
converted  into  an  albuminous  body  called /^/^?«^,  which,  unlike  most  varieties 
of  albumen,  is  neither  thrown  out  of  a  solution  by  alkalies  nor  acids.  Fibrin 
was  formerly  believed  to  be  the  principal  nutritive  or  nitrogenous  constituent 
of  flesh  j  but  the  name  myosin  is  now  applied  to  a  body  which  appears  to 
occupy  this  position.  Myosin  difiers  from  fibrin  in  its  greater  and  more 
complete  solubility  in  sodium  chloride  solution. 

KSMO.  or  HJSMATO-  GLOBIN. 

Is  the  colouring  principle  existing  in  blood,  and  contains  0*4  per  cent 
of  iron.  If  two  parts  of  the  liquid  left  upon  separating  the  fibrin  from  blood 
be  mixed  with  two  parts  of  water,  and  one  part  of  alcohol  then  added, 
after  the  lapse  of  a  day  crystals  are  produced.  These,  after  pressure  and  re- 
solution in  water,  may  be  treated  with  alcohol  as  before ;  and  after  this  process 
has  been  repeated  several  times,  pure  crystals  of  haemoglobin  result  They 
are  of  a  red  colour,  and  freely  absorb  oxygen  from  the  afr,  especially  when 
moist  The  red  colour  of  the  natural  crystals  becomes  purplish  in  the  presence 
of  carbonic -anhydride;  and  the  existence  of  blood  in  a  venous  or  arterial  con- 
dition depends  upon  the  relative  quantities  of  oxygen  and  carbonic  anhydride 
it  contains     The  oxygen  absorbed  by  haemoglobin  cannot  be  indicated  by  the 
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■ddiuon  of  nitric  oxide  gas  (NO),  hence  a  true  compound  must  be  formed. 

I  Tlus  combination,  however,  is  not  stable,   because  aJi  acids  (even  a  solution 

tt  WUer  of  carbonic  anhydride)  decompose  il,  and  no  means  is  known  by 

*hich  it  can  be  thrown  down  from  an  aqueous  solution  unaltered.     Carbonic 

e  fgrms  a  compound  of  a  reddish  colour  with  hiemoglobin,  after  driving 

001  the  oxygen  dissolved  in  it ;  hence  the  very  prejudicial  effect  following  the 

lanal  inhalation  of  that  gas.     The  natural  condition  of  hEemoglobtn  in  the 

1  being  more  or  less  oxygenated,  it  is  acted  upon  by  hydrogen  sulphide, 

JU S^tarating,  and  an  albuminoid  body  being  at  the  same  time  produced 

le  splitting  up  of  the  colouring  principle. 

Sdatk-blue  crystalline  substance  (named  heematin,  and  containing  about 

'  9  pet  cent  of  iron),  in  union  with  a  form   of  albumen,  termed  giobuiin,  is 

bditved  to  compose  hfemoglobin. 


PTTAUS  and  PANCREATIK. 

These  e.iist  in  saliva  and  the  pancreatic  juice  respectively,  and  both  serve 
liw  office  of  converting  amylaceous  or  farinaceous  into  saccharine  bodies,  the 
Iilter  serving  also  to  assimilate  fatty  substances.  They  may  be  obtained  pure 
^  processes  which  are  rather  troublesome ;  but  if  first  a  solution  of  phos- 
pMmc  acid,  and  then  one  of  calcium  hydrate  be  added  to  a  solution  of  either, 
Pfedpiuies  may  be  obtained,  which,  though  not  of  absolute  purity,  are  equally 
•ffioeious  as  remedial  agents.  Ptyalin  and  pancreatin  appear  to  act  best  in 
.  "*  i^tsence  of  a  trace  of  alkali,  and  to  have  their  power  of  forming  sugar 
^TO  sUrch  destroyed  completely  by  heating  to  3 1 3°  F.  They  may,  however, 
■e  dried  at  60"^  10  80°  F.  without  alteration. 

Bm  been  employed  in  France  and  England  as  an  aid  to  digestion  for  some 
"■nepast,  and  exists  naturally  in  the  gastric  juice.  In  the  presence  of  a  dilute 
•^d  (in  the  human  stomach  said  to  be  hydrochloric,  in  that  of  the  dog,  lactic, 


*^X  pcjisin  dissolves  coagulated  albumen,  and  bodies  resembling  it,  with 

~^formationof /(T/fow.     It  is  prepared  from  the  washed  mucous  lining  of 

~^  nomach  of  the  calf,  sheep,  or  pig,  by  scraping  with  a  knife,  and  macerating 

■^^  slimy  product,  thus  removed,  with  cold  water,  by  which  means  a  solution 

**"  pepsin  results.     When  this  solution  is  mixed  with  dilute  phosphoric  acid, 

^^^  then  calcium  hydrate  solution  is  added,  the  pepsin  is  carried  down  with 

r*^  precipitate  of  tricalcium  phosphate.     This  precipitate  may  itself  be  used 

'7,**imnaJly,  and  in  fact,  when  the  stomach  of  the  pig  is  used,  sometimes  con- 

"hites  the  mixture  commercially  known  3s  fepsina porci.     A  tincture  may  be 

I^J^Uttl  by  digesting  it  with  spirit  and  a  little  acid  ;  and  a  wine  has  likewise 

r****!  prepared  which  is  in  extensive  use.     The  powder  should  not  be  dried  at 

*ctiiperamre  exceeding  100"  F.  by  more  than  5°  to  15°  F. 
J,  A  common  Torra  of  pepsin  is  simply  a  mixture  of  the  moist  scrapings  of 
^*  atomach  with  rice  starch  dried  at  a  gentle  heat. 

When  plumbic  acetate  is  added  to  a  clear  solution  of  pepsin,  a  precipitate 
?***ttaining  the  pepsin  falls ;  and  this,  when  decomposed  with  sulphuretted 
"^'^iDgcn  in  excess,  and  the  slightly  warmed  mixture  filtered,  yields  a  solution 
~[  piire  pepsin.  Upon  evaporating  this  liquid  at  100°  to  115°  F.  the  solid 
5?*'*ns.  The  pepsin  obtained  from  the  pig  is  best  adapted  for  aiding  human 
*^^**tion,  man  being,  like  each  member  of  the  porcine  family,  an  omnivorous 
^Jj*"*!,  and  it  being  highly  probable  that  the  pepsin  of  herbivorous  animals  is 
^*y  specially  suited  for  the  digestion  of  vegetables. 
Commercial  pepsin  is  a  light  powder,  of  a  greyish-white  colour.     It  has 
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an  unpleasant  taste  and  odour,  and  wheh  yielded  by  herbivonous  animals  this 
odour  is  somewhat  acid.     It  is  rendered  inactive  by  being  heated  to  120°  F. 

It  is  only  when  impure  that  mercuric  salts  and  tannic  acid  give  a  precipitate 
with  a  solution  of  pepsin.    The  B.P.  thus  directs  and  describes  : — 

A  preparation  of  the  mucous  lining  of  a  fresh  and  healthy  stomach  of  the 
pig,  sheep,  or  calf. 

The  stomach  of  one  of  these  animals,  recently  killed,  havii\g  been  cut  open 
and  laid  on  a  board  with  the  inner  surface  upwards,  any  adhering  portions 
of  food,  dirt,  or  other  impurity  are  to  be  removed,  and  the  exposed  surface 
slightly  washed  with  cold  water;  the  cleansed  mucous  membrane  is  then 
to  be  scraped  with  a  blunt  knife  or  other  suitable  instrument,  and  the  viscid 
pulp  thus  obtained  is  to  be  immediately  spread  over  the  surface  of  glass  or 
glazed  earthenware,  and  quickly  dried  at  a  temperature  not  exceeding  100**  F. 
'  The  dried  residue  is  to  be  reduced  to  powder,  and  preserved  in  a  stoppered 
bottle. 

Characters  and  Tests, — A  light  yellowish-brown  powder,  having  a*  faint  but 
not  disagreeable  odour,  and  a  slightly  sdine  taste,  without  any  indication  of 
putrescence.  Very  little  soluble  in  water  or  spirit  Two  grains  of  it,  with  an 
ounce  of  distilled  water,  to  which  five  minims  of  hydrochloric  acid  have  been 
added,  form  a  mixture  in  which  100  grains  of  hard-boiled  white  of  egg,  in 
thin  shavings,  will  dissolve  on  their  being  digested  together  for  about  four 
hours  at  a  temperature  of  98°  F. 

GLUTEN. 

This  is  the  name  applied  to  the  elastic  solid  which  is  left  when  flour  or  any 
similar  powdered  farinaceous  grain  is  washed  on  a  sieve  with  water.  {Sie 
Starch.)  The  pure  substance  which  it  yields  on  treatment  with  alcohol  is 
termed  glufirij  and  exists  in  gluten  combined  with  vegetable  casein  and  vege- 
table fibrin.  The  latter  is  slightly  soluble  in  water;  and  if  the  crude  substance 
be  rubbed  with  water,  and  the  clear  liquid  boiled,  it  coagulates  exactly  Uke 
albumen  or  fibrin.  Wheaten  flour  yields  a  solution  of  vegetable  casein, 
when  it  is  agitated  with  alcohol.  The  casein  separates  upon  evaporation  as 
an  adhesive  mass,  which,  when  dried  completely,  is  hom-Uke  in  appearance. 
A  considerable  amount  of  vegetable  albumen  may  be  extracted  firom  potatoes 
by  bruising  them  with  water  containing  a  little  sulphuric  acid;  and  the  liquid, 
when  heated,  behaves  exactly  like  animal  albumen. 


LEGUMIN. 

Is  the  vegetable  casein  to  which  we  have  just  referred.  It  is  contained 
in  leguminous  seeds,  such  as  peas,  almonds,  or  beans,  sometimes  to  the  extent 
of  10  to  12  per  cent,  and  may  be  extracted  by  water.  If  the  solution,  which 
also  contains  sugar  and  gummy  matters,  be  mixed  with  a  drop  or  two  of  acetic 
acid,  the  legumin  is  coagulated,  and  falls.  It  may,  however,  be  redissolved 
by  potassium  hydrate.  A  solution  of  legumin  resembles  casein  in  not  being 
coagulated  by  boiling.  It  is  true  that  if  a  solution  of  either  be  heated,  a 
skin  forms  on  the  siuface ;  but  this  is  due  to  an  oxidation  of  the  legumin  or 
casein,  and  not  to  any  coagulation,  as  the  liquid  below  remains  clear.  Alcohol 
in  small  quantity  throws  down  both  bodies.  .  If  a  mixture  of  legumin  and  a 
saccharine  solution  be  allowed  to  putrefy,  lactic  acid  is  formed. 

All  the  albuminous  bodies  just  considered  are  held  to  constitute  the  flesh- 
forming  portion  of  food,  in  contradistinction  to  the  anaylaceous  and  saccharine, 
bodies  which  are  simply  heat-producers.  Church  has  recently  shown  tliat  the 
true  flesh-forming  albuminoids  are  distinguishable  from  the  other  nitrogenous 
compounds  by  being  capable  of  coagulation  by  carbolic  acid. 
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II.  PIGMENTARY  SUBSTANCES, 

The  majority  ot  compounds  possess  colour,  that  is,  exercise  a  selective 
influence  u]x>n  white  light,  absorbing  some  parcicubj  rays  and  reflecting 
others.     Let  us,  for  instance,  take  the  three  principal  tints  exhibited  by  leaves 
at  various  seasons  of  the  year.      In  spring  they  contain  a  colouring  matter 
known  as  chlorophyll,  which  absorbs  blue  and  red  light,  and  reflects  green, 
the  white  light  containing  these  three.     At  the  end  of  summer  the  leaves  be- 
come yellow.     This  colour  is  due  to  the  absorption  of  some  red,  and  of 
blue,  and  the  reflection  of  the  mixture  of  green  and  red,  which  produces  the 
impression  of  yellow.     Towards  the  end  of  autumn  the  capability  of  reflecting 
green  ceases,  both  it  and  the  blue  are  absorbed,  and  the  red,  which  arc  the 
only  rays  reflected,  cause  the  leaves  to  appear  of  that  colour.     There  is  a 
popular  idea  that  the  colour  of  bodies  is  as  much  a  quality  as  weight      This,  J 
however,  is  quite  erroneous,  because  when  a  body  is  viewed  in  a  light  which  4 
it  is  incapable  of  either  reflecting  or  decomposing,  it  appears  black ;  thus  a  I 
red  bmly  in  green  light  appears  black.  ' 

Substances  which  transmit  all  light  rays  equally  well,  are  colourless: 
examples,  most  liquids  and  crystals,  such  as  water  and  alcohol,  also  alum 
and  Iceland  spar. 

Comi^ounds  which  scatter  light  without  absorbing  one  class  of  rays  more 
than  another,  are  opaque  and  white :  examples,  chalk  or  whiting  (calcium  I 
carbonate);  heavy  while  (barium  sulphate);  white  lead  (plumbic  oxy carbonate);  I 
pearl  white  (bismuthic  oxynitrate  or  oxychloride);  zinc  white  (zinc  oxide);  J 
gypsum  (calcium  sulphate)  ;  soapstone,  French  chalk,  or  steatite  (magnesituQ  fl 
silicate);  stannic  oxide,  and  calcium  phosphate  (both  of  which  are  useful  in  th&l 
manufacture  of  opal  glass).  I 

There  are  two  classes  of  substances  which  absorb  all  rays  equally  andW 
totally,  or  almost  so,  ihe  few  rays  reflected  being  chiefly  red.  I 

I.  Brown.     Some  few  rays  of  red  light  are  reflected  :    examples,  roanyfl 
extracts,  if  evaporated  at  too  high  a  temperature,  become  brown ;   such  as  1 
ttrra  japonua  and  catechu.     Caramel  is  of  the  same  nature.     Sepia  (the 
evaporated  fluid  of  the  "  ink-bag  "  of  several  speaes  of  sepiadu,  or  cuttle- 
fishes).    Umber  (which  is  darkened  in  colour  by  heating,  and  then  forms 
burnt  umber)  and  sienna,  are  ferric  and  aluroinic  silicates. 

I.  Black.    Bodies  which  do  not  reflect  sufficient  light  to  affect  the  eye 
materially,  and  which  would  be  invisible  were  all  substances  like  them. 
Black  dyes  usually  contain  varieties  of  tannin  combined  with  iron  in  the  ferric 
state ;  sometimes,  however,  they  contain  aniline.     Ink  is  a  ferric  gallo-iannate  I 
■Qspended  in  water  by  means  of  gum  and  sugar.     Carbon  is  the  basis  of  moid 
black  substances,  for  instance,  lamp-,  ivory-,  and  bone-  black,  and  blackleadkfl 
The  first  of  these,  ».<■.,  lamp-black,  when  rubbed  with  boiled  linseed  oil,  formsl 
printing  ink,  and  when  mixed  with  hot  glue  or  siic,  makes  Indian  ink. 

Bine.  Bodies  which  reflect  blue  rays  only,  and  therefore  bear  that  n3m& 
These  arc  very  abundant,  especially  in  ihe  vegcUblc  kingdom.  Ultramarine 
is  purely  mineral,  and  its  exact  composition  is  doubtful  It  is  the  result  oC  ■ 
healing  a  mixture  of  sodium  sulphate  and  carbonate  with  carbon,  >>ulphuCjJ 
and  kaolin,  in  closed  iron  vessels,  but  was  simply  powdered  hpsi  /immmB 
originally.  Cobaltous  oxide  produces  ttobaltic  ultramarine,  Thtfnard's  blusfl 
cobalt,  and  Hoffner's  blue,  when  combined  with  aluminium  oxide  and  calciui^H 

Ebosphate  in  various  proportions;  whilst  smalts,  zaifre.  Saxony,  and  kin^H 
luc,  are  characterized  by  the  presence  of  sodium  and  silicic  anhydride,  dinfl 
being  a  kind  of  glass.  ,^^^^1 
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Copper,  in  the  forms  of  "ortho-/*  oxy-,  or  hydrato- carbonates,  constitutes 
blue  malachite,  English-,  copper-,  and  mountain-blues.  Paris-,  Saxon-,  Berlin-, 
or  Erlanger-  blue  are  various  commercial  names  for  mixtures  of  Prussian-blue 
and  Tumbuirs  blue  with  white  and  other  powders.  Cudbear,  archil,  orchil, 
lichen-blue,  and  turnsole,  are  all  a  form  of  litmus,  prepared,  however,  by 
different  processes. 

Litmus  is  prepared  from  the  lichens  known  as  Variolaria  tinctoria^  RacceUa 
orcinay  Lecanora  tartarea^  and  others,  by  reducing  them  to  a  paste  with  water 
and  ammonium  carbonate  (or  an  ammoniacal  liquid  such  as  putrid  urine), 
and  then  exposing  the  mixture  to  the  air,  by  which  means  a  colouring  matter 
is  developed.  The  blue  or  purple  matter  may  be  dissolved  out  by  slightly 
alkaline  water,  which  yields  it  in  a  pure  solid  condition  by  evaporation.  The 
formation  of  the  blue  is  due  to  the  action  of  oxygen  in  the  presence  of 
ammonium  hydrate  or  carbonate,  on  orcin,  C^HgO^,  by  which  orcein, 
C7H7NO3,  is  generated,  the  following  being  probably  the  reaction : — 

2C7Hg02  +  2NH8  +  30,  =  2C7H7NO3  +  4HgO. 

Even  orcin  itself,  however,  is  not  contained  as  such  in  lichens,  its. produc- 
tion arising  from  the  decomposition  of  orsellenic  acid,  by  alkalies,  thus : — 

CgHpO^  +   2NH8  +   H2O   =   (NH4)3C08  +   C7H9O0. 
(Orsellenic  Acid.)  (Orcm.) 

Litmus  is  used  for  preparing  the  B.P.  test-papers,  red  litmus  paper  zxA  blue 
litmus  paper^  and  also  the  official  tincture  of  litmus.  The  latter  is  thus  directed 
to  be  made  : — 

Take  of 

Litmus,  in  powder i  ounce. 

Proof  spirit      .        .        .         .        .        .        .10  fluid  ounces. 

Macerate  for  two  days  in  a.  closed  vessel,  and  filter. 

The  papers  are  made  by  dipping  unsized  white  paper  (blotting  or  filter 
paper)  into  the  tincture  of  litmus,  and  drying  by  exposure  to  the  air.  To 
prepare  the  red  paper,  the  litmus  must  be  "  reddened  by  the  addition  of  a 
very  minute  quantity  of  sulphuric  acid."  Faraday  recommended  simple 
exposure  to  the  vapour  of  any  fuming  acid. 

Indigo  is  a  product  obtained  by  the  fermentation  of  many  plants  of  the 
genus  Indigofera,  which  sets  in  when  they  are  macerated  with  warm  water  in 
open  vessels,  exposing  a  large  amount  of  surface  to  the  air.  Oxidation  is 
also  promoted  by  agitation  with  oar-like  implements  wielded  by  men  called 
"beaters"  who  stand  in  the  solution.  The  plants  themselves  contain  no 
indigo,  this  being  formed  by  the  spontaneous  decomposition  of  a  yellow  sub- 
stance termed  indican^  which  is  soluble  in  water,  into  the  insoluble  indigo, 
and  a  soluble  sugar-like  body,  "  indiglucin."  Commercial  indigo  only  contains 
about  50  per  cent,  of  indigotin  or  true  indigo,  the  rest  being  indigo  red,  and 
green  colouring  matter  from  the  plant  Indigotin  is  insoluble  in  dmost  every 
compound,  except  strong  fuming  sulphuric  acid.  It  is  of  less  specific  gravity 
than  water  when  pure,  gives  a  copper-red  streak  when  rubbed,  and  possesses 
the  formula  CgHgNO.  Dissolved  in  paraffin  or  aniline  by  heat,  and  the  solu- 
tion allowed  to  cool,  after  having  been  poured  off  from  the  insoluble  portion, 
if  any,  acicular  crystals  separate  out.  Crystals  of  a  coppery  appearance  may 
also  be  produced  by  mixing  two  parts  of  calcium  sulphate  with  one  part  of 
indigo,  and  making  the  powder  into  a  paste  with  water.  When  this  paste  is 
spread  upon  an  iron  plate,  allowed  to  harden,  and  afterwards  cautiously 
heated,  the  indigo  is  volatilized  as  a  purple  vapour.  At  a  temperature  only 
slightly  above  that  of  volatilization,  the  product  becomes  charred.     It  dis- 
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Solv«  in  alkalies  in  the  presence  of  reducing  agents,  such  as  ferrous  sulphate, 
'"  form  a  colourless  solution.  In  this  way  the  "indigo-vat"  of  the  dyer  is 
"Itde.  Two  pounds  of  feirous  sulphate  (in  its  commercial  form  of  green 
*"ri_ol)  are  dissolved  in  five  quarts  of  water,  and  a  mixture  of  three  pounds  of 
^dum  hydrate  (slaked  lime)  and  one  pound  of  powdered  indigo,  are  added, 
■"d  rhc  whole  well  ^^itated  in  a  closed  (or  covered)  vessel.  When  the 
■ction,  which  consists  in  the  production  of  ferrous  hydrate,  and  the  reduction 
*"'!  solution  of  the  indigo  by  thai  substance  in  the  presence  of  calcium 
hydrate,  has  ceased,  the  solution  will  deposit  the  white  "reduced  indigo" 
J"  the  fibres  of  cloth,  and  the  action  of  the  air  will  reconvert  this  into 
■ndigo  blue. 

^fae  B.P.  solution  of  sulphate  of  indigo  is  really  a  solution  of  sulphindt- 
P""!  Or  sulphindylic  anhydride,  CgHiNO.SOj,  and  is  directed  to  be  pre- 
f«red  as  follows  :— 

Take  of 

Indigo,  dry  and  in  fine  powder    ....       5  grains. 
Sulphuric  acid     .        .        .        .        .        .        .10  fluid  ounces. 


'^W  the  indigo  with  a  fluid  drachm  of  the  sulphuric  acid  in  a  small  test- 
1^0^  and  apply  the  heat  of  a  waler-bath  for  an  hour.  Pour  the  blue  liquid 
intt>  the  remainder  of  the  acid,  agitate 'the  mixture,  and,  when  the  undissolved 
10^0  has  subsided,  decant  the  clear  liquid  into  a  stoppered  bottle. 

Free  chlorine  and  nitric  acid  destroy  its  colour ;  the  former  producing,  when 
flisuUed  subsequently  (after  partial  neutralization  of  the  sulphuric  acid),  a 
aibslance  (iri-chlor-aniline)  from  which  aniline,  CjHjN,  may  be  procured 
S  .^  aclioo  of  sodium  amalgam  and  water  {i.e.,  of  nascent  hydrogen). 
t"tric  acid  yields  picric  or  carbazotic  acid,  CgH3(NOj)50. 

"leeiL — It  was  formerly  believed  that  this  was  a  compound  colour,  due  to 
'"^  absorption  of  red  rays,  and  the  reflection  of  blue  and  yellow.  This  idea, 
r**ev«,  is  no  longer  tenable ;  the  celebrated  physicist,  Professor  Helmholtz, 


"J^ing  shown  that,  although  two  powder 


of  which  is  yellow  and  the 


"Miet  bln^  produce  green  when  mixed,  yet  if  one  be  so  placed  that  the  t 
^"^^^aa  of  the  separate  powders  fall  upon  the  same  part  of  the  eye,  the 
^^bined  light  is  white.  In  the  case  of  mixing  powders,  however,  the  com- 
^^''^ted  nature  of  tlie  rays  which  such  a  body  as  a  blue  powder  reflects, 
^'*vent8  the  application  of  this  theory;  and  the  practical  rule,  that  a 
T  *ilow  and  a  blue  substance  when  mixed  give  green,  will  remain  unaltered  ' 
"*■  spite  of  the  more  extended  knowledge  of  the  nature  of  colour  we  now 
**°ssess,  due  to  Professors  Helmholtz  and  Clerk  Maxwell. 
J,  leaves  contain  a  green  substance  passing  by  the  name  oi  chlorophyll,  which 
^^solves  in  alcohol  and  ether,  though  not  m  water,  because  it  is  of  a  resinous 
^tuTc  It  is  contained  in  the  expressed  juice  of  plants,  becomes  flocculent 
_"  heating  this  liquid,  and  is  then  separated  by  a  calico  filter  in  preparing 
•\i^  of  the  official  extracts,  namely,  those  commonly  called  green  exlracts. 
V  J^en  heated  to  much  above  130°  F.,  it  becomes  brown  in  colour.  It  is 
Z^J'^ved  that  chlorophyll  (leaf-green)  is  composed  of  phyllo-xanihin — Icaf- 
rr"ow,  and /Ay&-o'on('«— leaf-blue.      The  colour  of  autumn  leaves  (due  to 


^f<>tliule)  is  said  to  arise  from  the  fading  of  the  phylio-cyanin,  the  yellow 
g^***aining  permanent  for  a  longer  time.  Cupric  and  chromic  oxides  are  used 
^  ^Sfeen  colourings  for  ceramic  wares.  A  mixture  of  almost  any  yellow  with 
y^*liae  pigment,  will  give  green.  Many  green  colours  contain  copper,  some- 
^^*^S  combined  with  arsenic.  Such  are  Schweinfurth,  Bmnswick,  verditer, 
--  ^  malachite  greens.  Buckthorn  juice  {rhamni  swms,  from  Rhamnus 
•tiati,  B.P.)  when  evaporated  with  calcium  hydrate,  gives  vegetable,  or 
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sap-green^  a  colouring  principle  which  oils  and  ether  do  not  dissolve,  and 
alcohol  only  to  a  small  extent,  but  which  is  readily  soluble  in  water. 

Yellow. — Was  formerly  fancied  to  be  one  of  the  three  primary  colours,  but 
is  now  known  to  be  due  to  the  presence  of  red  in  green,  because  it  is  found 
that  when  blue  light  is  mixed  with  green,  and  then  a  proportion  of  red  is 
added,  a  yellow  light  is  the  result  The  nimaber  of  bodies  which  give  the 
impression  of  yellow  is  very  large,  and  it  will  therefore  be  convenient  to  name 
them  in  classes. 

The  three  divisions  we  shall  make  are : — 

I.  Those  of  a  mineral  nature. 

II.  Carbonaceous  substances  of  well-known  composition. 
III.  Carbonaceous  substances  of  greater  complexity,  such  as  resins. 

I.  Orpiment  (arsenious  sulphide,  As^Sj).  Ochre  is  of  many  varieties,  and 
passes,  amongst  others,  by  the  following  names :  Chinese  yellow,  gold-ochre, 
gold-^arth,  and  yellow  sienna.  It  is  a  mixture  of  calcium,  aluminium,  and 
ferric  oxides  and  hydrates.  Chrome  yellow  is  of  the  deepest  colour  when  it 
contains  least  chromium,  and  reflects  the  most  light  when  it  contains  the  least 
amount  of  lead. 

II.  Carbazotic  or  picric  acid,  C^H3(N02)30,  is  that  which  yields  the  yellow 
dye  most  frequently  used  for  silk.  Combined  with  metals,  it  forms  explosive 
compounds.     The  bark  of  Quercus  tinctorial  or  quercitrin,  CigH^QOn. 

Rhubarb  owes  its  yellow  colour  to  rheic  acid,  rhein,  rhaponticin,  rhubarbarin, 
rumicin,  or  rheumin,  all  of  which  are  the  names  applied  by  various  writers  to 
chrysophanic  acid,  CioHg03.  The  colour  is  likewise  probably  due,  though 
to  a  less  extent,  to  etnodin.  The  former  body  is  the  source  also  of  the  colour 
of  Parmeiia  Parietina,  Chrysamic  and  chrysolepic  acid  are  also  yellow 
colouring  matters,  and  are  formed  artificially  from  aloes  by  the  action  of  nitric 
acid. 

Persian  berries  contain  a  substance  of  a  yellow  tint,  termed  chrysorhamnin, 
C23H22O11,  and  are  themselves  the  fruit  of  the  Rhamnus  infectorius.  Purree^ 
or  Indian  yellow^  the  exact  source  of  which  is  unknown,  consists  essentially 
of  magnesium  euxanthate  or  purreate,  yi^iQ^^yf^Yi.  Gambogic  acid, 
C20H23O4,  constitutes  the  principal  part,  70  to  80  per  cent.,  of  gamboge 
{cambogiUy  B.P.). 

III.  Fustic,  or  the  yellow  wood  of  Rhus  cotinus^  contains  a  yellow  principle 
soluble  in  water.  Carrots,  when  dried,  and  digested  with  carbonic  disulphide, 
give  a  solution  of  carrotin,  which,  when  procured  in  the  solid  form  by  evapora- 
tion, is  used,  it  is  believed,  for  colouring  butter. 

Turmeric  rhizome,  improperly  termed  "root"  {Curcuma  langa\  contains  a 
yellow  resin,  curcumin,  CioHjqCj  (?). 

Weld  {Reseda  iuteoia)  owes  its  tinctorial  power  to  a  principle  termed 
"luteolin,"  CgoHj^OjC?).  Saffron  (the  dried  style  and  stigma  of  Crocus 
sativa^  B.P.)  is  believed  to  consist  essentially  of  a  yellow  colouring  matter, 
"  Polychroite,  or  saffronin,"  of  unknown  constitution.  Rhamnus  frangula^ 
the  black  alder,  contains  a  yellow  principle,  frangulin,  CgH3(HO)8. 

Red. — These  substances  reflect  principally  the  red  rays ;  but  if  they  reflect  a 
very  little  green  also,  they  possess  an  orange  tint 

We  shall  classify  them  similarly  to  the  yellow. 

I.  Mercuric  sulphide,  HgS,  is  variously  known  as  vermilion,  Paris  red, 
cinnabar,  and  Chinese  red.  Ferric  oxide,  or  oxyhydrate  in  the  native  state, 
passes  by  the  names  of  red  ochre,  Armenian  bole,  colcothar,  red  earth,  Indian 
red,  mineral  purple,  burnt  ochre,  terra  di  Sienna,  stone  red,  Berlin  red,  and 
English  red.  It  is  termed  also  mineral  rouge,  purple  rouge,  and  polishing  or 
jeweller's  rouge.    Glass  is  coloiu:ed  red  by  the  stanno-auric  salt  (purple  of 
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^*J«ius),  or,  more  commonly,  by  cuprous  silicate,  formed  by  the  introductioa 
^'  cuprous  oxide.  Plumboso-plumbic  oxide,  PbjO.y  is  red  laid.  Plumbic 
"^^ychromate,  PbgCCrO^,  is  chrome  red;  also,  if  coinaining  rather  more 
^roniium,  orange  chrome.  " 

11.    Auchusin,  CajH^Os.  is  the  resinous  body,  soluble    in  fats  and  t 
<^ontained  in  alltanet  root  (Alkanna,  or  Anchusa  tinctoria). 

Canninic  acid,  C^HijOg,  is  the  source  of  the  colour  of  cochineal  {cocatt, 
B-P-).  It  is  soluble  m  water,  but  is  thrown  down  by  albumen,  or  by  a  mix- 
ture of  an  aluminium  or  stannic  salt  and  an  alkaline  hydrate  or  carbonate, 
fhc  two  precipitates,  commercially  denominated  carmine  and  carmine-lake  are 
treated  with  ammonium  hydrate  ;  if  pure,  they  dissolve  easily  and  completely. 
The  first  is  absolutely  soluble  in  ammonium  hydrate,  and  this  is  an  infallible 
test  for  the  genuineness  of  the  article.  One  method  of  procuring  carminic 
3cid  in  the  pure  state,  is  to  precipitate  a  solution  with  plumbic  acetate,  and 
Beat  the  lead  compound — plumbic  carminate — ^with  hydrogen  sulphide.  To 
produce  the  true  acid,  free  from  ail  impurities,  advantage  must  be  taken  of  the 
"let  that  plumbic  carminate  will  become  converted  into  plumbic  phosphate  in 
^  piesence  of  phosphates  (which  normally  exist  with  canninic  acid  in  the 
Cffuus  tadi).  Then  other  bodies  may  be  removed  from  the  still  impure  solid 
P'^Uced  upon  evaporation,  by  treatment  first  with  alcohol,  and  then  with 
elner,  both  of  which  dissolve  carminic  acid.  A  much  simpler  but  secret  pro- 
tew  is  known  to  be  adopted  in  the  manufacture  of  carmine. 

The  pure  acid  is  of  a  purplish-red  colour,  and  yields  solutions  in  the  three 
'"y'^nts,  water,  alcohol,  and  ether,  of  a  most  magnificent  tint 

"  is  estimated,  either  in  cochineal  itself  or  in  commercial  carmine,  by 
"Cans  of  a  solution  of  potassium  permanganate  (a  check  being  made  on  pure 
'^^'^^nic  acid),  and  the  amount  of  carminic  acid  present  is  indicated  by  the 
°|"nber  of  cc.  of  the  permanganate  required  to  be  added  before  a  permanent 
^^'^  Coloration  is  produced.  Various  trade  names  are  applied  to  a  mixture  of 
'^"»ine  with  French  chalk  or  starch. 

.^*ntalin,  CiaHjaOj,  is  the  resinous  colouring  matter  of  red  saitdal-wood 

^f^"^carpus  santalinus).     Red-rose  petals  and  red -poppy  petals  (Rosie  Gallica 

'^^tt  and  Rhaados pelala,  B.P.),  contain  uninvestigated  colouring  principles. 

ji^SJIhamin,  C[^Hig07,  exists  to  the  extent  of  about  a  half  per  cent,  in 

^■I^'^S  saffron,  or  safflower  {Carlliamiis  linctorius).     It  forms  a  red  powder 

ifcH  moist,  and  a  green  when  dry,  and  a  solution  in  alcohol  possesses  a 

L^t*le   colour.     It  was   the   colour  formerly  employed  in  making   "  pink- 

^J^pers,"  and  is,  when  mixed  with  French  chalk,  the  cosmetic  termed  rouge 

^]?j'*<»/.    Carthamin  is  obtained  pure  by  digesting  "cotton-wool"  in  a  solution 

"d*^****^  from  the  safflower  by  extraction  with  aqueous  sodium  carbonate,  and 

r^**iiag  acetic  acid.     The  coloured  cotton  is  then  removed  into  a  sodium  car- 

d    "^^te  solution,  and  when  it  is  colourless,  citric  acid  is  employed  to  throw 

^^»l  pure  carthamin  from  its  alkaline  solution. 
jQ^^eematoxylin,  CiflHuOij,  is  the  red  colouring  substance    developed   in 
if.^^'*^xnA{/iamaioxyli  lignum,  B.P.)  by  exposure  to  the  air,  and  may  be  obtained 
c^^j*^^*~jstals.     Its  solution  is  darkened  by  alkalies,  and  rendered  more  bright  in 

^^vir  by  acids. 
c^^^  ^'"'in'n,  CuHgOi,  is  the  red  dye  produced  from  madder  (Rufiia  tittfteria), 
>f^^ tiler  with  a  simibr  body  termed /«/^«««,  CgH^Og-HjO,  by  the  action 
a.i-^^»iiDinium  salts  and  a  mineral  acid.    The  former  is  best  procured  when 
l>j~**iiiiium  chloride  and  hydrochloric  acid  are  used,  the  latter  when  the  sul- 

^^^«  and  sulphuric  acid  are  substituted. 
Hj^^^  Urpurin  is  obtained  most  abundantly  when  fermented  solutions  of  madder 
y.    ^«rgo  treatment.     This  is  probably  due  to  the  decomposition  of  rtMan,  a 
^^»ish  principle  existing  naturally  in  madder.    The  action  of  sulphuric  acid 
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on  madder  poduces  garandn,  A  solution  of  alizarin  in  sulphuric  add  is  of  a 
splendid  red  tint,  but  an  alkaline  solution  is  purple.  Water  and  alcohol  do 
not  dissolve  it  freely. 

Alizarin  is  frequently  prepared  artificially  from  anthracme^  Ql4^io>  ^  white 
solid  contained  in  tar.    This  process  has  been  already  detailed  \seefa^  ^i  ?)• 

III.  BresUlin^  which,  united  with  aluminium  hydrate^  or  a  similiu*  body, 
constitutes  several  "lake  dyes,"  is  produced  from  Brazil-wood,  and  is  also 
probably  contained  in  Cam-  and  Sapan-  wood 

Annatto  (also  known  as  amotto)  owes  its  orange-red  colotdr  to  a  mixture  of 
a  yellow  substance  (orellin)  and  a  red  (bixin^,  both  being  named  from  the 
plant  [Bixa  orelland)  in  which  they  are  contamed.  Annatto  is  commercially 
seen  in  cakes,  which  are  manufactured  from  the  seeds  of  the  plant 

Lac-dye  is  an  inferior  and  less  expensive  form  of  carmine,  i^ch  is  pro- 
duced by  insects  of  a  similar  nature  to  the  coccus^  having,  however,  &eii:  habi- 
tat in  Southern  Europe  instead  of  the  New  World.  The  dye  is  not  extracted 
from  their  bodies,  but  from  a  resinous  substance  of  which  they  cause  the 
deposition  in  the  plants  on  which  they  live. 
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APPENDIX. 


APPENDIX  B. 

TABLE  SHOWING  THE  RELATION  BETWEEN  THE  DENSITY  AND 

FLASHING  POINT  OF  PARAFFIN  OILS. 


Specific  Gravity 
OF  Paraffin  Oil. 

Flashing  Point. 

Specific  Gravity 
OF  Paraffin  Oil. 

Flashing 

Point. 

• 

0*685 
0*700 
0*740 
0750 
0*760 

077s          , 

-2i°C.-S*8°F 

-19*^       -2*1® 

+ 15^  r  S9-o^ 

17°     62*6° 

45''    "3-o° 

0783 
0*792 
0*805 
0*822 
Crude  Petroleum. 
0*802 

+  50°C.  +  I22*T. 

75°         i67« 

90^        194^ 

no          230° 

- 15°    +  5° 

Finis. 
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A. 
Absolute  alcohol,  225,  227,  228. 
Acacia,  241. 
Acadae  gumroi,  241. 
Acer  saccharinuiDy  242^ 
Acetal,  303. 
Acetamide,  309,  310.  ^ 
Acetate. 

Alummimn,  256. 
Ammoniumi  254. 
Amyl,  298. 
Argentic,  2$$. 
Atropine,  324. 
Cdcium,  255. 
Cupric,  255. 
Ethyl,  295. 
Ferric,  256. 
Hydrogen,  251. 
7nm  {red)^  256. 
J^fn^y  255. 
Morphine,  321* 
Plumbic,  257. 
Potassium,  254. 
Kosaniline,  314. 
SUver^  255. 
Sodium,  254. 
Zinc,  255. 
Acetates,  16,  254. 
Acetic  add,  251,  253. 
Analysis,  18. 
Vapour  density,  19^ 
Aldehyd,  302,  306. 
Ether,  295. 
Fermentation,  226. 
Ketone,  306,  307. 
Aceto-arsenite,  cupric,  256. 

Met-arsenite,  cupric,  256. 
Acetone,  289,  306,  307,  308. 
Acetonitril,  327. 
Acetum,  B.P.,  252, 
Acetyl  hydrate,  251. 
Hydride,  302. 


Acetylene,  138,  207,  214. 
Series,  214. 

List  of,  2 14. 
Acid,  acetic,  251-253. 

Analysis,  18. 

B.P.,  253. 

Characters,  253. 

Dilute,  253. 

Glacial,  253. 

Manufacture,  252. 

Sources,  252, 

Specific  gravity,  253, 

Vapour  density,  19. 

Varieties,  252,  253. 
Aconitic,  270,  277. 
Acrylic,  262. 
Arachidic,  261. 
Arsenic,  anhydrous,  201. 
Arsenious,  anhydrous,  198-200. 
Benzoic,  236,  281. 

Characters,  281. 

Preparation,  281. 

a.  Sublimation. 

b.  Wet  process. 
Reactions,  282. 
Salts,  282. 
Soiu-ces,  281. 

Boracic,  155. 
Bromic,  70. 
Butyric,  258. 
Cacodylic,  308. 
CapriCy  260. 
Caproic,  260. 
CapryliCy  260. 
Carbamic,  142,  311. 
Carbazotic,  345,  346. 
Carbolic,  234. 

Characters,  234,  235. 

Preparation,  234. 

Reactions,  235. 
Carbonic  gas  140. 
Carminic,  347. 
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Add,  camiinic,  estimation,  347. 

Acid,  hydrochloric,  52. 

Cathartic,  329. 

Hydrocyanic,  i;6. 

Calhartogenic,  329. 

Preparation.  17& 

Cerolic,  i6i. 

Hydro-ferricyaitK,  i8t 

CWoric,  63,  66. 

Hydro-ferrocyanic,  17 

Chioro-chromic,  104. 

Hydrofluoric,  49. 

CUorthhydrosuiphuroui,  134. 

HydrofluosUidc,  156, 

Chloroiulphuric,  134. 

HydrosulphuHc,  109. 

Chlorous,  63,  65. 

ifydrosulphurous,  116. 

Chromic,  103. 

Hypobromous,  70. 

Guaiacum  test,  332. 

Hypochlorous,  63. 

Chrysamic,  346. 

Hypo-iodous,  76,  77. 

Chrysolepic,  346. 

Hyponicric,  166. 

Chrysophanic,  346. 

HypoplwsphoTOUS,  189. 

Cionamic,  283. 

Hyposulphuric,  iiS. 

Preparation,  283. 

Hyposulphurous,  116, 

Ckric,  277. 

Igasuric,  323. 

Characters,  277. 

Iodic,  76, 77. 

Dry  distillation,  277. 

JalapinoUc,  334. 

Preparation,  277. 

Lactic,  264, 

Salts,  278. 

Characters,  2G4. 

Sources,  277. 

Fermentation,  364 

Copaivic,  »o. 

Salts,  265. 

Cyanic,  182. 

Sarohlactic,  265. 

Cyanuric,  182. 

Sources,  264, 

Definition  of,  14. 

Larvo-tartaric,  272. 

Delphinic,  258. 

Laurie,  260. 

Dextro-ractmU,  272. 

Malic,  170. 

Dextro-tarlaric,  272. 

Margaric,  300. 

Dioxyphenic,  286. 

Meconic,  270. 

DUulpkuric,  133. 

Characters,  271. 

Dithionic,  116,  118. 

Preparation,  370. 

ElaidU,  262, 

Salts,  271. 

Equisetic,  277. 

Melissic,  261. 

Ethyl -sulphonic,  zg6. 

Afeso-tartaric,  272. 

Ethyl-sulphuric,  296. 

M  eta- carbonic,  148. 

Eugenic,  220. 

Meta-phosphoric,  160, 

Formic,  25  r, 

Meta-stannic,  99. 

Characters,  251. 

Methyl-siUphinic,  297. 

Preparation,  251. 

Melhyl-sulphonic,  296. 

Purification,  251. 

Mucic,  241,  245. 

Salts,  251. 

Muriatic,  52, 

GaUic,  225,  284. 

Myrislic,  260. 

Characters,  384. 

Naphthalic,  281. 

Preparation,  284. 

Nitric,  167. 

Reactions,  284. 

Action  on  metals. 

Salts,  284. 

Anhydrous,  167. 

Tests,  284. 

Characters,  167. 

Gambogic,  346, 

Preparation,  167. 

Guaiaretinic,  332. 

Specific  gravity,  i( 
Stain,  168.            ' 

Halides,  211. 

Hydriodic,  72. 

NitTO-hydrochloric,  16S 

Preparation,  72,  73. 

Nitrous,  165. 

Hydrobromic,  69, 

Nordhausen,  131. 

Preparation,  69. 

(Enantluc,  260. 
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Acid,  oleic,  262. 
Orsellenic,  344. 
Orthoboric,  155. 
Orthocarbonic,  148. 
OrthophosphoriCf  191. 
Oxalic,  ^265. 

Characters,  266. 

Preparation,  266. 

Reactions  267.   • 

Salts,  267. 

Sources,  265. 

Use  in  analysis,  266. 
•     Oxamic,  311. 
Oxyhenzoic^  283. 
Qxymurtatic,  50. 
ralmitic,  260. 
Para-tartarUj  272. 
FelarganiCy  260. 
Pentathionic,  116,  119. 
Perchloric,  63,  67. 
Periodic,  76,  78. 
Phenic,  234. 
Phocinic,  258. 
Phosphoric^  189. 

Glacial^  192. 
Phosphorous^  189,  190. 
Phthalic,  281. 
Picric,  345,  346. 
Polygalic,  336. 
Propionic,  258. 
Prussic,  176. 

Sched^Sy  177. 
Pyrogallic,  286. 
P)rroligneous,  251,  252. 
Pyrophosphoric,  191,  192. 
•    Racemic^  272. 
Rutic,  260. 
Salicylic,  283,  330. 

Antiseptic  qualities,  284. 

Medical  use,  284. 

Preparation,  483. 
Salicylous,  330. 
Sar CO- lactic,  265. 
Selenic,  159. 
Silicic,  anhydrous,  157. 
Silico-fluoric,  156. 
Staimic,  99. 
Stearic,  261. 
Succinic,  269. 

Characters,  269. 

Dry  distillation,  269. 

Preparation,  269. 
Sulpho-carbolic,  235,  301. 
Sulphocyanic,  183. 
Sulphovinic,  293,  206 


Acid,  sulphuric,  120/ 

Characters,  120. 
Combinations,  122. 
Commercial  process, 

120. 
Impurities,  121. 
Preparation,  119,  120. 
Properties,  119. 
Purification,  12T. 
Reactions,  121. 
Specific  gravity,  1 20. 
Theory  of  formation, 
120. 
Anhydride,  116,  119. 
Anhydro,  133. 
Anhydrous,  119. 
Hy<irated,  120. 
Nordhausen,  133. 
Sulphurous,  116,  117. 
Sulphydric,  109. 
Tannic,  225,  285. 
Preparation,  285. 
Reactions,  285. 
Varieties,  285. 
Tartaric,  271. 

Characters,  273. 
Crystals,  272. 
Detection,  272. 
Dextro  (true),  272. 
Laevo,  272. 
Meso  (inactive),  272. 
Para,  272. 
Preparation,  271. 
Reactions,  272. 
Salts,  272,  273. 
Solution,  272. 
Sources,  271. 
Varieties,  272. 
Telluric,  159. 
Tellurous,  159. 
Tetrathionic,  116,  119. 
Thiocyanic,  183. 
Thiosulphuric,  116,  117, 
Trithionic,  116,  119. 
Valerianic,  258. 
Acid  carbonate  of  ammonia,  142. 
Potassium,  147. 
Sodium,  144. 
Salts,  17. 

Sodium  jsulphate,  123. 
Tartrate  ammonium,  273. 
Potash,  274. 
Acids,  14. 

Amic,  311. 
Anhydrous,  82,  211. 

A  A 
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Acids,  aromatic,  281-286. 
Diatomic,  264. 
Fatty,  250. 
Organic,  249-286. 
Sulphonic,  297. 
Tetratomic,  271-281. 
Triatomic,  bibasic,  270. 
Tribasic,  triatomic,  270. 
Acidulous  radical,  definition,  14. 

Radicals,  16. 
Acidi  gallici,  glycerinum,  284. 
Tannici,  glycerinum,  286. 
Acidum  aceticum  dilutum,  253. 

Glaciale,  253. 
Arseniosum,  198J  199. 
Hydrochloricum,  B.P.,  52. 

Leblanc's  process,  53. 
Preparation,  52. 
Dilutum,  53. 

Impurities,  53. 
Preparation,  53. 
Properties,  53. 
Salts,  53. 

Solvent  powers,  53. 
Hydrocyanicum  dilutum,  176. 
Nitricum  dilutum,  168. 
Nitro-hydrochloricum  diluXum, 

168. 
Phosphoricum,  191, 
Sulphuricum,  B.P.,  120. 
Dilutum,  B.P.,  121. 
Tannicum,  284. 
Tartaricum,  271. 
Acipenser,  Linn.,  335. 
Aconitic  acid,  270,  277. 
Aconitine  (Aconitia)  325. 
Characters,  326. 
Preparation,  325. 
Reactions,  325, 
Aconitum  Napellus,  233,  270,  325. 
Acrylic  acid,  262. 
Aldehyd,  304. 
Series,  aldehyds,  304. 
Acrolein^  232,  304. 
Action,  chemical,  9,  10. 
Aerated  bread,  244. 
iErugo,  256. 
-^sculin,  334. 

Fluorescence,  335. 
iEther  purus,  292. 
Agate,  157. 
Air,  mephitiCy  160. 
Alabaster,  124. 
Albumen,  338,  339. 
Analysis,  338. 


Albumen,  antidote  for  metallic  poi- 
sons, 338: 
Chemical  changes,  339. 
.   Coagulation,  339. 
Reactions,  338. 
Solution,  338. 
Varieties,  338, 339. 

Ovi,  338. 
Albuminate^  340. 
Albuminous  bodies,  338-342. 
Alcohol,  207,  225. 

Absolute,  225,  227,  228. 

Allyl,  230. 

Amy  lie,  228. 

Benzoic,  236. 

Benzylic,  236. 

Camphyl,  236. 

Cerotic,  229. 

Cetyl,  229. 

Cinnamic,  236. 

Ethylene,  230. 

Et hylic,  225. 

Glyceric^  231. 

Mannitic,  233. 

Melissyl,  229. 

Melyl,  229. 

Methylic,  224. 

Methylene,  230, 

Propenyl,  231. 

Propylene,  231. 

Propylenic,  231. 

Storax,  236. 

Tetrylene,  231. 

Toluylic,  236. 

Vinic,  225. 
Alcoholfl,  209,  222-236. 

Aromatic  series,  234-236. 

Diatomic     „      223,  230. 

Formulation,  222. 

Hezatomic,  233. 

Kolbe's  classification,  223. 

Monatomic,  222. 

Preparation,  223,  224. 

Primary,  223. 

Secondary,  223. 

Tertiary,- 223. 

Triatomic,  223,  231-233. 
Aldehyd,  223,  289. 

Acetic,  302,  306. 

Acrylic,  304. 

Benzoic,  305. 

Hydrocyanic  acid, 
percentage,  306. 
Oxidation,  306. 

Production,  305. 
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Aldehyd,  Cinnamic,  306. 

Crotonic,  305. 

Euodic,  302. 

Formic,  302. 

Trichlorobutyric,  305. 

Trichlorocrotonic,  305. 
Aldehyds,  211,  302-306. 

Acrylic  series,  304. 

Aromatic,  305,  306. 

Definition,  249. 

Fatty  series,  302-304. 

Monatomic,  302. 
Algaroth,  powder  of ^  62. 
Alizarin,  216,  217,  347. 

Artificial,  348. 
Alkalamides,  309,  310. 
Alkali,  volaiiUy  85. 
Alkaloid,  definition,  314. 
Alkaloids,  fi  xed,  3 1 6-3  2  7. 

Nux  vomica,  323. 

Opium,  320,  322. 

Volatile,  315*  3 16. 
Alkanna  tinctoria,  347. 
Alkarsin,  307. 
AUotropic  bodies,  6. 
Alloys,  27. 

Composition,  28. 
Allyl  alcohol,  230. 

Sulphuric  acid,  230. 
Allylene,  214. 
Almonds^     bitter^    artificial 

21S' 

Oil  of,  225,  306. 
Aloes,  Barbadoes,  336. 

Cape,  336. 

Natal,  337. 

Socotrine,  336. 

Zanzibar,  336. 
Aloin,  336. 
Aloins,  336. 
Alum,  128. 

Ammonio-iron,  131. 

Burnt,  129. 

Cake,  129. 

Chrome,  132. 

Feather,  130. 

Flour,  129. 

Iron,  131,  132. 

Patent,  129. 

PotassiO'iron,  131. 

Potassium,  129. 

Roche,  132. 

Shale,  129. 
Alumen,  128. 

Exsiccatum,  129. 


essence. 


Alumina,  93. 

Hydrated,  93. 
Sulphate  of ,  129. 
Aluminic  hydroxide,  93. 
Aluminium,  3,  8,  40. 

Preparation,  40. 
Properties,  40. 
Acetate,  256. 
Aluminic,  15. 
Ammonium  sulphate,  128. 
Chloride,  59. 
Hydrate,  93. 

Mordant,  93. 
Properties,  93. 
Hydrated  oxide,  93. 
Oxide,  93. 

Solubility,  93. 
Sesquioxide,  93. 
Sulphate,  129. 
Alums,  122. 
Amber,  volatile  oil,  269. 

Volatile  sak,  269. 
Amic  acids,  311. 
Amide,  211. 

Definition,  309. 
Amides,  163,  309-312. 
Amidin,  239. 

Amines,  163,  210,  312-314. 
Primary,  312. 
Secondary,  312. 
Tertiary,  312. 
Ammonia,  162. 

Atomicity,  163. 
Characters,  162. 
Decomposition,  163. 
Deriva^ves,  309-327. 
Preparation,  162. 
Process  (sodium),  32. 
Solubility,  162. 
Acid  carbonate,  142. 
Alum,  128. 
Bicarbonate,  142. 
BinoxcUate,  267. 
Bitartrate,  273. 
Carbonate  of,  141,  312. 
Nitrite,  165. 
Oleate,  262. 
OxeUate,  267. 
Phosphate,  193. 
Stsquicdrb§nate,  142. 
Succinate,  269. 
Sulphate,  122. 
Tartrate,  273. 
Ammoniae  acetas  (in  solutioii)  ?■ 
Acetatis  liquofi  254. 
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Ammoniae  benzoas,  282. 

Carbonas,  142. 

Citras,  278. 

Citratis  liquor,  278. 

Linimentum,  262. 

Liquor,  B.P.,  85. 
Fortior,  85. 
Ammonias,  coAipound,  314. 
Amnionic  oxalate^  267. 
Ammonii  bromidum,  69. 
Ammonto  arseniate  ofmagnesiOj  204. 

Iron  alum,  131. 

Mercuric  chloride,  58. 

Nitrate  of  silver,  87,  171. 
Ammonium,  15,  31,  32,  85, 162,  205. 

Acetate,  254. 

Acid  tartrate,  273. 
.  Aluminium  sulphate,  122. 

Amalgam,  32.  ^         . 

Arseniate,  203. 

Benzoate,  282. 

Bicarbonate,  142.  - 

Bromide,  69. 

Carbamate,  142,  311. 

Carbonate,  141. 

Cathartate,  329. 

Chloride,  54,  59, 163. 

Citrate,  278. 

Cupric  sulphate,  127, 

Cyanate,  183,  311. 

Ferric  sulphate,  122. 

Hydrate,  85, 163. 
Preparation,  85. 
Specific  gravity,  85. 

Hydrogen  carbonate,  142. 
Oxalate,  267. 
Phosphate,  193. 
Sulphate,  122. 
Tartrate,  273. 

Hyposulpharsenite,  206. 

Iodide,  73. 

Lactate,  265. 

Magnesium  phosphate,  194. 

Nitrate,  163,  169. 

Nitrite,  165. 

Oleate,  262. 

Phospho-molybdate,  196. 

Pyrogallate,  286. 

Succinate,  269. 

Sulpharsenite,  206. 

Sulphate,  122. 

Preparation,  122. 

Sulphide,  in. 

Analytical  use,  in. 
Preparation,  in. 


Ammonium  sulphide,  properties,  in. 
Sulphocyanate,  183. 

Tartrate,  273.  ' 

Thiocyanate,  I183. 
Amorphous  (definition)  75. 

Phosphorus,  186. 
Amygdalamide,  328. 
Amygdalin,  225,  328. 

Action  on  emulsin,  328. 

Characters,  328. 

Preparation,  328. 
Amyl,  15. 

Acetate,  298. 

Hydrate,  228. 

Nitrite,  298. 

Boiling  point,  298. 
Characters,  298. 
Preparation,  298. 
Process,  Maisdi,  298. 
Tests,  298. 

Valerianate,  299. 
Amyli  glycerinum,  239. 

Mucilago,  239. 
Amy  lie  alcohol,  228. 
Amyloses,  237,  238. 
Amylum,  239,  240. 
Analysis,  '2. 

White  of  egg,  338. 
Anarcotine,  320,  322. 
Anchusa  tinctoria,  347. 
Anchusin,  347. 
Anethi  oleum,  219. 
Anethum  graveolens,  219. 
Anglesite,  45. 
Anhydrides,  211. 

Definition,  82. 
Anhydrite,  124. 
Anhydrosulphuric  CLcid,  133. 
Anhydrous  acids,  82,  211. 

Arsenic  acid,  201. 

Arsenious  acid,  198-200. 

Nitric  acid,  167. 

Silicic  acid,  157. 

Sulphuric  acid,  119. 
Aniline,  235,  313. 

Black,  314. 

Blue,  314. 

Oreen,  314. 

Marking  ink,  314. 

Purple  (Mauve),  314. 

Red  (Magenta),  314. 

Violet,  314. 
Animal  charcoal,  136. 

Purified,  136. 
Anisi  oleum,  219. 
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Amudm^  219. 
AnnattOy  548. 

AnsiraUnbenihmey  217,  • 

Anthemidis  oleum,  219. 
Anthemis  nobiliSy  219. 
Anthzacene,  216,  234,  348.' 
.  Derivatives,  216,  217. 
Anthraquinone^  217. 
Antichlores,  117. 
Aniimomal  crocus^  115. 

Gla^  115. 
Antimonic  oxide,  102. 
Salts,  47. 
Sulphide,  116. 
Tartrate,  276. 
Antimonide,  copper,  47, 
Lead,  47. 
Silver,  47. 
Antimonii  chloridi  liquor,  61,  62. 
Flores,  loa. 
Oxidum,  62^  102. 
Ox]rsulpliuretum,  Lond.,  115. 
Potassio  tartras,  276. 
Antimonioso-antimonic  oxide^  102. 
AntiiQonious  chloride,  61. 
Colour,  62. 

Use  in  medicine,  62.    . 
Oxide,  102.  . 
Salts,  47. 
Sulphide,  115. 

Preparation,  115. 
Varieties,  115. 
Tartrate^  276. 
Antimonium  sulphuratum,  115. 

Tartaiatum,  276. 
Antimoniuretted  hydrogen,  198. 
Antimony,  3,  8,  46. 
Alloys,  47. 
Antimonious,i5/ 
Arsenic  contamination,  47. 
Properties,  47. 
Punfication,  47; 
Salts,  47. 
Sources,  46. 
Argentic  flowers^  102. 
Blacky  115. 
Butter  of,  61. 
CViA^,  115. 
Goiden  sulphidt,  ii6. 
JUver,  115. 
Oxide  of,  102. 
Sajffhm,  115. 
Antimony],  84. 
Antozone,  8i, 
Apatite^  185. 


Apomorphia,  321. 
Apomorphine,  321. 

Physiological  effects,  321. 

Preparation,  321. 
Appendix  A,  349. 

n       B,  350. 
Aqua  distillata,  B.P.,  84. 

Fortis,  167. 

Laurocerasi,  329. 

Regia,  168. 
Arabin,  241. 
Arachidic  acid,  261. 
Arbutin,  329. 
Archil,  344. 

Arcostaphylos  uva  ursi,  329. 
Argent-ammonium  nitrate,  171. 
Argenti  oxidum,  87. 
Argentic  acetate,  255. 

Bromide,  70. 

Carbonate,  147. 

Chloride,  54. 

Chromate,  104. 

Indicator  (as),  104. 

Cyanide,  178. 

Flowers  of  antimony,  102. 

Lactate,  265. 

Nitrate,  170. 

Adulteration,  171. 
Analytical  use,  171. 
Preparation,  170. 
Purification,  171. 

Nitrite,  166. 

Oxide,  87. 

Preparation,  87. 
Properties,  87. 

Pyrogallate,  286. 

Sulphate,  124. 

Sulphide,  112. 
Argentine,  112. 
Argentum,  3,  33. 

Preparation,  33. 

Properties,  33. 

Purification,  33. 

Sources,  33. 
Argpl,  274. 

Crude,  275. 
Amidn,  335. 
Arhotto,  348. 
Aromatic  acids,  281-286. 

Aldehyds,  305,  306. 

Ethers,  compound,  301. 

Series,  215. 

Alcohols,  234-236. 
Arragpnife,  148. 
Arsenamine^  197. 
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Arsen-dimethyl,  307. 
Arsenias  ferri,  205. 
^rf^/o/^ofammoniuniy  203. 
Copper^  204. 

Magnesium-ammonium,  204. 
Silver^  204. 
Triatgenticy  204. 
Tricupric,  204. 
TriferrouSy  205. 
Zinc,  204,  205. 
Arseniates,  16. 
•AneniCt  39  8, 197-206. 

Characters,  197. 
Sources,  197. 
Vapour  density,  11. 
Acid,  anhydrous,  201. 
Anhydride,  201. 
Bisulphide,  205. 
Flour ^  198. 
Hydride,  198. 
PentoxUUj  201. 
^Red  sulphide^  205. 
VitreouSy  199. 
White,  198. 
Ydlcw  sulphide,  206. 
Arsenicalis  liquor,  200. 
Arsenical  wall  papers,  201. 
Arsenici  hydrochloricus  liquor,  199, 

20b. 
Arsenide,  cupric,  198. 
Hydrogen,  197. 
Arsenious  acid,  anhydrous,  198-200. 
Anhydride,  198. 
Antidotes,  199. 
Characters,  199. 
Detection,  199. 
Preparation,  198. 
Preparations,  199,  200. 
Reactions  199. 
Salts,  200. 
Solubility,  199. 
VitreauSy  199. 
Chloride,  205. 
Iodide,  205. 
Sulphide,  206,  346. 
Arsenite,  cupric,  200. 
Arsenites,  200. 
Arseniuretted  hydrogen,  197. 
Arsines,  210,  307. 
Artemisia,  333. 

Absin^ium,  269. 
Santonica,  269. 
Artificial  alizarin,  348. 
Camphor,  218,  219. 
Conine,  315. 


Artificial    essence   of  bitter  almonds. 

Fruit  essences,  349. 

Leather,  285. 
Asagrsea  officinalis,  326. 
Astragalus  verus,  241. 
Ate  (termination),  17* 
Atlas  ore,  152. 

Atmosphere,  constitution  o^  i6i. 
Atomic  heat,  8, 

Theory,  Dalton,  7. 

Weights,  8,  17. 
Atomicity,  12,  17. 
Atoms,  2, 17. 
Atropa  Belladonna,  324. 
Atropine  (Atropia),  324. 
Characters,  324. 
Ophthalmic  use,  324. 
Preparation,  324. 
Reactions,  324. 

Acetate,  324. 

Hydrochlorate,  324. 

Sulphate,  324. 

Auric  chloride,  59. 
Auripigmentum,  206. 
Aurum,  3,  39. 
Azomethane,  177. 
Azoparaffins,  \*ii. 
Azote,  160. 

Derivation  of,  160. 
Azotyl,  164, 
Azurite,  152. 

B. 

Baldwin^ s  phosphorus,  171. 
Balsam  of  copaiba,  220. 
Balsamum  Penivianum,  236,  2 Si. 

Tolutanum,  281. 
Bar  iron,  41. 
Barbadoes  aloes,  336. 
Barbaloin,  336,  337. 
Baric  peroxide,  89. 
Barilla,  143.' 
Barium,  3,  8,  15,  35. 

Derivation  of  name,  35. 
Preparation,  35. 
Properties,  35. 
Carbonate,  149. 
Chloride,  55. 
Hydrate,  89. 
Hydrogen  arseniate,  204. 
Crystals,  55. 
Preparation,  55. 
Hydroxide,  89. 
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BarimD,  hjpophosphite,  190. 

Nitrate,  17a. 

Oxide,  89. 

Peroxide^  79. 

Sulphate,  125. 
Baryta^  89. 

IfUraie^  17a. 

Water ^%^ 
Baryta^  35. 
Bases,  14. 
Basic  salts,  17. 
Bassorin,  241. 
Basylous  radicals,  15. 

Definition,  14. 

Simple,  36-48. 
Bean,  Calabar,  337. 
Beberiae  sulphas,  335. 
Beberine  (Beberia),  335. 

Sulphate,  335. 
Beetroot  sugar,  243. 
BeD-inetal,  38,  44. 
.Benzene,  315. 

Substitution  products,  316. 
Benzoate,  ammonium,  383. 

Caldc^  383. 

Calcium,  383, 

Ferric,  383. 

Ferrous,  383. 

Hjrdrogen,  381. 

Iran^  283. 

Idme^  383. 

J^traxide  of  irony  383. 

Potassium,  383. 
Benioates,  16,  383. 
Benzoic  acid,  336,  381. 
Characters,  381. 
Preparation,  381. 

a.  Sublimation. 

b.  Wet  process. 
Reactions,  383. 
Salts,  383. 
Sources,  381. 

Akoholy  336. 

Aldehyd,  336,  305. 
Beaamny  flowers  of^  381.      / 
Benzoine,  306. 
Benzoinum,  381. 
Bentaiy  315. 
Bmzoyl  kydrate^  381. 

Hydride^  305. 
Benzyl  hydrate,  236. 
Befitylic  alcohol^  336. 
Bcrberine,  335, 337. 
Berlin  blue,  344. 
Bertfaelot,  M.  (Nitric  peroxide),  167. 


Berzelius  (Ammonia),  314. 
Bessemer's  process,  41. 
Bibasic  triatomic  acids,  370. 
BiboraU  of  soda^  155. 
Bicarbonak  of  ammonia^  143. 
Zime,  149. 
Soda^  144. 
Sodium,  r44. 
Bichloride  of  Mercury,  58. 

MdhylenCy  389. 
Binaxalateqf  ammonia^  267. 

PofasA,  268. 
Bimmde  of  Nitrogen^  164. 
Bismuth,  3,  8,  46. 
Alloy,  46. 
f)iamagnetism,  46. 
Properties,  46. 
Sources,  46. 
Bismuthous,  15. 
Citrate^  290J 
Hydroxide,  loi. 
Oxide,  10 1. 
Oxycarbonate,  153. 
Nitrate,  174. 
Subcarbonate,  153. 
Sulphate  of,  132. 
Valericmate,  260. 
Bismuthi  et  ammonise  citratis  liquor, 
390. 
Carbonas,  153. 
Liquor,  158, 159. 
Oxidum,  1 01. 
Subnitras,  17,  loi,  174. 
Characters,  174. 
Preparation,  174. 
Purification,  174. 
Bismuthic  oxide,  102. 
Bismuthous  chloride,  62. 
Chromate,  105. 
Citrate,  290. 
Hydrate,  loi. 
Nitrate,  174. 
Oxide,  loi. 

Impurities,  loi. 
Preparation,  loi. 
Properties,  10 1. 
Test  (Schacht),  loi. 
Oxychloride,  62. 
Oxynitrate,  174. 
Phosphate,  196. 
Sulphate,  132. 
Sulphide,  114. 
Valerianate,  260. 
Bismuthyl,  84,  loi. 
Carbonate,  153. 
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Bismuthyl,  chloride,  62. 

Nitrate^  174. 
BistUphate  of  potash^  124* 

.57^,123. 
Bisulphide,  ethyl,  297. 
Bisulphite  of  lime,  117. 
Bitartrate  of  ammonia^  273. 

Potash^  274. 

Soda^  274. 
Bitter  almond  oil,  306. 

Camphor  of  306. 
Bixa  orellana,  348. 
Bixin,  348. 
'B\3ick^  antimony^  115. 

Ball  soda^  144. 

Bodies,  343. 

Coppery  92. 

Draughty  329. 

/7«x,  274. 

/a^-^,  36. 

Lead,  135. 

Marking  ink,  314. 

Oxide  of  manganesey  94. 

Pigments,  343. 
Blanc  deperleSy  62. 
Bleaching  powdery  64. 
BlendCy  i6y  37,  112. 
31ue,  aniline,  314* 

Berlin,  344. 

Bodies,  343. 

Carbonate  of  coppery  152. 

Coppery  113. 

Copperas  y  126. 

Erlanger,  344. 

Hoflfner,  343. 

75?^//,  49. 

King's  343. 

Lichen,  344. 

Litmus  paper,  344. 

MalachitCy  152. 

Paris,  344. 

Pigments,  343. 

Prussian,  344. 

Saxony,  343. 

StonCy  126. 

Th^nard,  343. 

Tumbull,  344. 

Verditer^  152. 

Vitrioly  126. 
Blowpipe,  oxyhydrogen,  81. 

Reactions  of  microcosmic 
194. 
Blumea  balsamifera,  219. 
Bodies,  allotropic,  6. 

Elementajy,  3,  8. 
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Bodies,  organo-metallic,  308. 
Bone  earthy  185. 

SolublCy  194. 
Boracic  acid,  155. 
Boracis  glycerinum,  156. 
Borate,  ethyl,  298. 

Hydrogen,  155. 
Borax,  155. 

Characters,  156. 

Octahedral,  156. 
.  Official,  156. 

Preparation,  156. 

Prismatic,  156. 

Sources,  155. 

Theories  respecting,  156. 

Varieties,  156. 
Boric  ai^hydride,  155. 
Borneo  qamphor,  219,  236. 
Bomeoly  236.    ^ 
Boron,  3,  8,  155. 
Boyle,  Hon.    Robert  (Phosphorus), 

185. 
Brass,  28. 
BraunitCy  94, 
Bread,  aerated,  244. 

Making,  244. 

Fermentation,  44. 
Breziliny  348. 
Brimstone,  106. 
Britannia  metal,  28,  44,  47. 
British  gumy  240. 
Brom-aloin,  336. 
Bromate,  hydrogen,  70. 
Bromates,  16. 
Bromic  acid,  70. 
Bromide,  ammonium,  69. 

Argentic,  70. 

Ferrous,  70. 

Irony  70.    ' 

Methenyl,  290. 

Methyl,  288. 

Nitrogen,  175. 

Potassium,  70. 

Silvery  70. 
Bromides,  16,  69. 

Metallic,  69. 
Bromine,  3, 8,  9,  68. 

Preparation,  68. 
Properties,  68. 
Solubility,  68. 
Sources,  68. 

Compounds  with  oxygen,  7a 

Hydrate,  68. 

Monochloride,  134. 
Bromoform,  290. 
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Bramoffuthane^  1288. 
Bronze,  28,  44. 

Coinage,  38. 
Brown  pigments,  343. 
Brucine  (Brucia),  323,  324. 

Reactions,  324. 

Solubility,  324. 
Brunswick  greeuj  201, 
Bunge,  N.  (Amyl  nitrite),  298. 
Bunsen  burner,  6. 
Burnett's  fluid,  56. 
Burnt  a/um,  129. 
Butter  of  antimony^  61. 
Butyl  glycol  J  231. 

Hydrate,  228. 
Butylene  hydrate,  231. 
Butyrate,  hydrogen,  258.   ' 
Butyric  acid,  258. 

Chloral,  305, 
•Bye-products^  21. 
• 

C. 

Cacodyl,  307. 

Cyanide,  308. 

Oxide,  307,  308. 
Cacodylic  acid,  308. 
Cacti,  242.  , 

Cadet's  fuming  liquid,  307. 
Cadmium,  3,  8,  15,  37. 

Preparation,  37. 
Properties,  37. 
Vapoiu-  density,  1 1. 

Iodide,  74. 

Sulphide,  112. 
Cafieine,  314,  316. 
Cajeputi  oLeum,  219. 
Cajeputene,  220. 
Calabar  bean,  '327. 
Calamine,  36,  150. 

Prepared y  151. 
Cak  spar,  148. 
Calcic  benzoate,  282. 

Oxalate,  268. 
Calcis  carbonas  precipitata,  148. 

Hydras,  88. 

Linimentum,  263. 

Liquor  saccharatus,  88. 

Phosphas,  194. 
Calcium,  3,  8,  15,  34. 

Preparation,  34. 
Properties,  34. 

Acetate,  255. 

Acid  carbonate,  149. 

Benzoate,  282. 


Calcium  carbonate,  148. 

Preparation,  148. 

Sources,  148. 

Varieties,  148. 
Chloride,  55. 

Crystals,  55. 

Fused,  55. 

Preparation,  55. 
Citrate,  22,  279. 
Fluoride,  49. 
Hydrate,  88. 

Preparation,  88. 

Solubility,  88. 
Hydrogen  arseniate,  204. 

Carbonate,  149. 
Hydroxide,  88. 
Hyposulphite,  190. 
Malate,  270. 
Metcuarbonate,  148. 
Nitrate,  171. 
Oleate,  263. 
Orthocarbonate,  148. 
Oxalate,  268. 
Oxide,  88. 
Peroxide,  89. 
Phosphate,  17. 
Phthalate,  282. 
Pyrogallate,  286. 
Saccharate,  88. 
Sulphate,  17,  124. 
Tartrate,  275. 
Tribc^ic  phosphate,  194. 
Calculation  by  volume,  23,  25. 

Weight,  23,  24. 
Calculus,  mulberry,  268. 
Calcyl  chloride,  64. 
Calomel,  38,  57. 
Calomelas,  57. 
Calumba  root,  327. 
Calx,  88. 

Chlorata,  63,  64. 

Available  chlorine,  65. 

Decomposition,  64. 

Formula,  theoretical,  65. 

Preparation,  64. 

Properties,  64, 
Cambogia,  346. 
Camphol,  236. 
Camphor,  218. 

Artificial,  218,  219. 
Bitter  almond  oili  306. 
Borneo,  236. 
Characters,  218. 
Chinese,  218. 
Dutch,  a  1 8. 
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Camphor,  Japanese,  218. 
Movement  in  water,  218. 
Ngai,  219. 
Polarity,  219. 
Preparation,  218. 
Sources,  218. 
Camphy I  alcohol,  236. 

Hydrate,  236.  , 

Cane  sugar,  242. 
Canella  alba,  233. 
Caoutchin,  221. 
Caoutchouc,  221. 
Cape  aloes,  336. 
Capric  acid,  260.  ' 

Caproate,  hydrogen,  260. 
Caproic  acidy  260. 
Capronitril,  327. 
Caprylic  acid,  260. 
Caramel,  243. 

Carbamate,  ammonium,  311. 
Carbamates,  142,  311. 
Carbamic  acid,  142,  311. 
Carbamines,  327. 
Carbazotic  acid,  345,  346. 
Carbinol,  223,  224. 
Carbo  animalis,  136. 

Purificatus,  5,  136. 
Ligni,  136. 
Carbo-hydrates,  237-248. 
Alcohol  derivatives,  237. 
Amyloses,  237. 
Glucoses,  237. 
Isomeric  classes,  237. 
Saccharoses,  237. 
Carbolic  acid,  234. 
Carbon,  3,  5,  6,  8,  135-154. 
Allotropic,  135. 
Amorphous,  136. 
Characters  of,  5. 
Crystalline,  135. 
Sources,  135. 
Bichloride,  153. 
Dioxide,  140. 
Bisulphide,  154. 

Characters,  154. 
Preparation,  154. 
Solvent  powers,  1 54. 
Monosulphide,  154. 
Monoxide,  139. 
Oxychloride,  154. 
Tetrabromide,  154. 
Tetrachloride,  153. 
Tetra-iodide,  154. 
Trichloride,  154. 
Carbon-halogen  compounds,  i 
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Carbon-hydrogen    compoimdsy    136, 

137. 
Carbon-sulphur  compounds,  154. 

Carbonate,  cuid  ammonia^  142. 

Caldum,  149. 

Potassium,  147. 

Ammonia,  141,  312, 

Ammonium,  141. 

•  Hydrogen,  142. 

Argentic,  147. 

Barium,  149. 

Bismuthyl,  153. 

Calcium,  148. 

Cupric,  152. 

Diammonium,  141. 

Bipotassic,  146. 

Disodic,  143. 

Hydric  sodic,  144. 

Hydrogen  calcium,  149. 

Sodium,  144. 

Iron,  152. 

Lead,  151. 

Lime,  148. 

Lithium,  141. 

Magnesium,  150. 

Mercurous,  152. 

Mono-potassic,  147. 

Plumbic,  151. 

Potassium,  146. 

Hydrogen,  147, 

Sodium,  acid,  144. 

Strontium,  149. 

Tetr-ammonium,  142. 

Tetr-potassium,  147. 

Tetr-sodium,  145. 

Zinc,  150. 

Carbonates,  16,  140. 

Characters,  140. 

Reactions,  140. 

Metallic,  141. 

Carbonic  add  gas,  140. 

Anhydride,  140. 

Oxide,  139. 

Carbonous  oxide,  139. 

Characters,,  140. 

Preparation,  139. 

Reducing  agent,  140. 

Carbonyl,  140. 

Chloride,  154. 

Carmine,  347. 

Manufacture,  347. 

Tests  for,  347. 

Lake,  347. 

Carminic  acid,  347. 

,  Estimation,  347. 
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Carrara  marble,  148. 
CarthamiDy  347. 
Carthamus  tinctorius,  347. 
Cartilage^  185. 
Carui  oleum,  220. 
Carum  Carui,  220. 
Carvene,  220. 
Carvol,  220. 
Caryophylli  oleum,  220. 
Caryophyllus  aromaticus,  220. 
Casein,  339. 
Cassava^  176. 
Cassius,  purple  of,  346. 
Castoreum,  B.P.,  234,  330. 
Catal3rsis,  10. 
Cathartate  ammonium,  329. 

Senna,  estimation,  329. 
Cathartic  acid,  329. 
Cathartogenic  acid,  329. 
Caustic y  lunar ^  1 70. 
Celiulin,  238. 
Cellulose,  238,  239. 
Cementation,  41. 
Cephaelis  Ipecacuanha,  327. 
Cerasin,  241. 
Cerii  oxalas,  268. 
Cerifiy  261. 
CeritCy  43. 
Cerium,  3,  8,  43. 

Sources,  43. 

Cerous,  15. 

Oxalate,  268. 
Cerotic  acid,  261. 

Alcohol^  229. 
Cerotine^  229. 
Cerous  oxalate,  43. 
Ceruse^  151. 
Ccrusitey  45,  151. 
Ceryl  hydrate,  229. 
Cetaceum,  229,  299. 
Cetine^  299. 
Cetyl  alcohol y  229. 

Palmitate,  299. 
Chalk,  148. 

Precipitated,  148. 

Prepared,  148.   ' 
Charcoal,  animal,  purified,  136. 

Wood,  136. 
Chemical  action,  9,  10. 

Equations,  20-23. 

Food,  Parrish'Sy  189. 
Chcssy  copper,  152. 
Chili  saltpetre,  169. 
Chinese  red,  346. 

Wax.  229. 


Chirata,  335. 
Chiratin,  335. 
Chloral,  51,  303. 

Alcoholates,  304. 
Characters,  304. 
Estimation,  304. 
Reactions,  304. 
Theory  of  production,  303. 

Butyric,  305. 

Croton,  305. 

Hydrate,  303. 
Chloralum,  59. 
Chlorate,  hydrogen,  66. 

Potassium,  23,  66,  80. 

Evolution  of  oxygen,  67. 
Preparation,  66. 
Properties,  67. 
Chlorates,  16,  66. 
Chlor-hydrates,  sulphuric,  134. 
Chlor-hydrins,  231. 
Chlor-isatine,  52. 
Chlori,  liquor,  52. 
Chloric  acid,  63,  66. 

Anhydride,  63, 

Oxide,  63. 

Peroxide,  63. 
Chloride,  aluminium,  59. 

Ammonio-mercuric,  58. 

Ammonium,  54,  59. 
Preparation,  54. 
Use  in  analysis,  54. 

Antimonious,  61. 

Argentic,  54. 

Arsenious,  205. 

Auric,  59. 

Barium,  55. 

Bismuthous,  62. 

Bismuthyl,  62. 

Calcium,  55. 

Calcyl,  64. 

Carbonyl,  154. 

Chlorous,  62. 

Chromic,  62. 

Chromyl,  104. 

Cobaltic,  61. 

Cobaltous,  61. 

Cupric,  56. 

Cuprous,  56. 

Laboratory  reagent,  56. 
Neutral  solution,  56. 

Di-mercur-ammonium,  59. 

Ethene,  289. 

Ethylene,  289. 

Ferric,  60. 

Ferrous,  60. 
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Cbloridey  formyl,  289. 

Hydrogen,  52. 
Irmf  60. 
Idmey  64.  . 
Magnesium,  56. 
Magnesium-ammonium,  56. 
Manganic,  59. 
Manganous,  59. 
Mercur-ammonium,  59. 
Mercur-di-ammonium^  59. 
Mercuric,  58. 
Mercurous,  57. 
.    Methene,  289. 
Methenyl,  291. 
Methyl,  288. 
Methylene,  289. 
Nickelous,  61. 
Nitrogen,  175. 
Perchromic,  62. 
Phosphoric,  188. 
Phosphorous,  188. 
Platinic,  61. 
Plumbic,  61. 
Potassium,  54. 
Propene,  289. 
Silver,  54. 
Sodium,  54. 
Stannic,  59. 
Sulphurous,  133. 
Sulphuryl,  134, 
Thionyl,  133. 
Zinc,  56. 
Chlorides,  16,  52-62. 
Formation  of,  53. 
Chlorinated  lime,  64. 

Soda^  64. 
Chlorine,  3,  8,  50-53. 

Bleaching  powers,  51. 

Collection,  51. 

Deacon's  process,  50. 

Macqueen's  process,  51. 

Preparation,  50. 

Properties,  51. 

Reactions,  51. 

Sources,  50. 

Weight  of  a  litre,  50. 

Weldon's  process,  50. 
Compounds  with  iodine,  78. 

Oxygen,  63. 
Chlorites,  65. 
Chlorochromic  acid,  104, 
Chloroform,  291,  292. 
Adulterations,  290. 
Decomposition,  290. 
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Chloroform,  detection,  290. 

Methylated,  290. 

Preparation,  289. 

Test,  cinchonine,  319. 

Uses,  290. 
Chlorohydrosulpkurous  acid^  134. 
Chloromercurate,  strychnine,  323. 
Chloromethane^  288. 
Chlorophyll,  343,  345. 
Chlorosulpkuric  add^  134. 
Chlorous  add,  63,  65. 

Anhydride,  63,  65. 

Oxide,  65. 
Chlarotone^  96. 
Choke  dampy  140. 

Characters,  140. 

lique&ction,  140. 

Pr^)aration,  140. 
Chondrin,  335. 
Chondrus  crispus,  335. 
Chromate,  argentic,  104. 

Bismuthous,  105. 

Plumbic,  105. 

Potassium,  104. 
duromates,  103. 
Chrome  alum,  132. 

Iron  ore,  48,  104. 

Orange,  105. 

Yellow,  105,  346. 
Chromic  acid,  103. 

Anhydride,  102,  103- 

Chloride,  62. 

Guaiacum  test,  332. 

Hydrate,  103. 

Hydroxide,  103. 

Oxide,  102,  103. 

Potassium  sulphate,  132. 

Sulphate,  132. 
Chrcmiom,  3,  8,  48,  102. 

Chromic,  15. 

Properties,  48. 
Salts,  48. 

Hydrated  oxide,  103. 

Sesquioxide,  132. 

Sulphate  of,  132. 
Chromoso-chromic  oxide,  102,  103. 
Chromous  chloride,  62. 

Oxide,  T02,  103. 
Chromule,  345. 
Chrorayl  chloride,  104. 
Chrysamic  acid,  346. 
Chysolepic  acid,  346. 
Chysolite,  36. 
Chrysophanic  acid,  346. 
Chrysorhamnin,  346. 
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Churchy  Prof.  (Albuminoids),  342. 

Citric  acid,  sources,  277. 

Cicuta  virosa,  216. 

Citrus  limonis,  221. 

Cinchona  alkaloids,  316,  319. 

Clay  iron-stone,  152. 

Calisaya^3i6. 

Clerk  Maxwell  (Green  pigments),  345. 

Condaroinea,  316,  318. 

Coagula,  338. 

Lancifolia,  316. 

Coagulation,  339. 

Succirubra,  316,  319. 

Coal  gas,  138. 

Cinchonia,  318. 

Tar  creasote,  234. 

Dimuriate,  319. 

Cobalt,  42. 

MuriatCy  318,  319. 

Cobaltous,  15. 

Cinchonicine,  319. 

Properties,  42. 

Cinchonidia,  319. 

Salts,  42. 

Cinchonine^  318^. 

Use  in  the  arts,  42. 

Chloroform  test,  319. 

Cobaltic  chloride,  61. 

Hydrochlorate,  318. 

Cobaltous  chloride,  61. 

Hydrogen-sulphate,  318. 

Hydrate,  96. 

Sulphate,  318. 

Hydroxide,  96. 

Cinnabar,  38,  113,  346. 

Nitrate,  173. 

Cinnamate  cinnyl,  283. 

Sulphide,  114. 

Hydrogen,  283. 

Coccus  cacti,  347. 

Cinnamein,  216. 

Codamine,  322. 

Cinnamic  acid,  283. 

Codeia,  320,  321. 

Alcohol,  236. 

Codeine,  320,  321. 

Aldehyd,  306. 

Coelestine,  35,  125. 

Cinnamomi  oleum,  220. 

Cognac,  essence  of,  260,  300. 

Cinnamon,  essential  oil,  306. 

Coinage,  bronze,  38. 

Cinnamyl  hydride,  306. 

Colchici  cormus,  285. 

Cinnyl  cinnamate,  283. 

Semina,  285. 

Hydrate,  236. 

Colchicine,  326. 

Cissampeline,  327. 

Colchicum  autumnale,  326. 

Cissampelos  Pareira,  327. 

Colcothar,  98. 

Citramide,  311. 

Collodium,  B.P.,  235,  239. 

Citrate,  ammonium,  278. 

Colocynthein,  334. 

Bismuthous,  290. 

Colocynthidis  pujpa,  334. 

Calcium,  22,  279. 

Colocynthin,  334. 

Copper,  279. 

Combination  of  gases  by  volume,  10, 

Cupric,  279. 

II. 

Ethyl,  298. 

Taws  of,  7-9. 

Ferric,  279. 

Combining  weights,  8. 

Hydrogen,  277. 

Common  salt,  54. 

Iron  and  quinine,. 290. 

Compound  ammonias,  314. 

Lim€,  279. 

Ethers,  293-301. 

Lithium,  278. 

Radicals,  14. 

Magnesia,  effervescing,  278.    , 

Compounds  of  hydrogen,  non-metal- 

Magnesia {true),  279. 

lic,  31. 

Magnesium,  279. 

Cond/s  fluid,  crimson,  96. 

Peroxide  of  iron,  279. 

Green,  95. 

Potassium,  278. 

Conine  (Conia),  315. 

Sodium,  278. 

Artificial,  315. 

Citrates,  16,  278.                      r 

Characters,  315. 

Citric  acid,  277. 

Constitution,  315. 

Characters,  277. 

Preparation,  315. 

Dry  distillation,  277. 

Conium  maculatum,  315. 

Preparation,  277. 

Constitutional  formuks,  i^. 

Salts,  278. 

Convolvulin,  334. 

3®5 
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Convolvulin,  test  for,  334. 
Convolvulinol,  334. 
ConylenCy  315. 
Copaibae  oleum,  220. 
Copaifera  multijuga,  220. 
Copaivic  acid,  220. 
Copper,  3,  8,  37. 

Alloys,  38. 
Ores,  37. 
Preparation,  37. 
Properties,  38. 
Salts,  38. 

Antimonide,  47. 

ArseniatCy  204. 

Blacky  92. 

Citrate^  279. 

Cupric,  15. 

Cuprous,  15. 

Glance y  112. 

Hydrated  oxide,  91. 

Nitrate^  172. 

Nitrite^  166. 

PyriieSy  112,  114. 

Sub-acetate y  256. 

Sub-oxidCy  91* 

Sulphate y  126. 

Tartratey  275. 

Verditety  255. 
CoppcraSy  130. 

^/«/^,  126. 
CoproliteSy  185. 
Coriandri  oleum,  220. 
Coriandnim  sativum,  220. 
Comu  cervi  spiritus  volatilis,  85. 
Corrosive  sublimate,  38,  58. 
Cream  of  tartar,  274. 
Creasol,  235. 
Creasote,  235. 

Characters,  235. 
Reactions,  235. 

Coal-tar y  234. 
Creta,  B.P.,  148. 

Prseparata,  148. 
Crith  (definition  of),  50. 
Crocetin,  331. 
Crocin,  330. 

Sugary  331. 
CrocoisiiCy  105. 
CrocuSy  antimonialy  115. 

Sativa,  330,  346. 
Croton  chloral,  305. 
Crotonic  aldehyd,  305. 
Crotonylene,  214. 
Crude  antimony y  115. 

Argoly  275. 


Crude  potashy  146. 

Crum-Brown(Nitrogenasnitrates)yi24. 

Cryptopia,  322. 

Crystallized  verdigrisy  255. 

Cubeba  officinalis,  220. 

Cubebse  oleum,  220. 

Cubebene,  220.  ' 

Cubic  nitrey  169. 

Cudbear,  344. 

Cumin,  oil  of,  216. 

Cuprammonium,  127. 

Cupri  acetas,  255. 

Sulphas,  126. 

Exsiccata,  127. 

Valerianas,  259. 
Cupric  acetate,  255. 

Aceto-arsenite,  256. 

Aceto-met-arsenite,  256. 

Arsenide,  198. 

Arsenite,  200. 

Composition,  201. 
Modifications,  201. 

Carbonate,  152. 

Chloride,  56. 

Citrate,  279. 

Hydrate,  91. 

Analytical  use,  91. 
Sugar  estimation,  91. 

HydroxidCy  91. 

Nitrate,  172. 

Nitrite,  166. 

Oxide,  92. 

Analytical  use,  92. 
Hygroscopic  character,  92, 

Oxy-acetate,  256. 

Peroxide,  92. 

Salts,  38. 

Sulphate,  22,  126. 

Sulphide,  113. 

Tannate,  286. 

Tartrate,  275. 

Tetrammonium  sulphate,  91. 

Valerianate,  259. 
Cuprodiammonium,  128. 
Cuprous  chloride,  56. 

Hydride,  31. 

Iodide,  74. 

Oxide,  91. 

Salts,  38. 

Sulphide,  112. 
Cnpnun,  3. 
Curcuma  longa,  346. 
Curcumin,  346. 
Curd  soap,  white,  261. 
Cyamelide,  *i82. 
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Cyanate,  ammonium,  183,  311. 

Hydrogen,  182. 
Cyanates,  16,  182. 

Metallic,  182. 

Normal^  182. 
Cyanic  acidy  182. 
Cyanide,  argentic,  178. 

Cacodyl,  308. 

Hydrogen,  176,  177. 

Mercuric,  178. 

Methyl,  327. 

Potassium,  178. 
Cyanides,  16,  177. 

Metallic,  176. 
Cyanogen,  175,  178. 

Chafticters,  175, 

Discovery,  175. 

Flame,  175. 

Preparation,  176. 

Symbol,  176. 

With  halogens,  184. 
Cyanuric  acid,  182. 
Cymene,  216. 


D. 

Dalton  (Atomic  theory),  7. 
Deacon's  process  (Chlorine),  50. 
Decomposition,  single,  20. 
Decrepitation,  54. 
Delphmic  acid,  258. 
Delphinine  (Delphinia),  327. 
Delphinium^ Staphisagria,  327. 
Density  (gases),  11. 

Vapour,  19. 
Derbyshire  spar,  49. 
DeriTatiyes,  ammonia,  309-327. 
Deutoxide,  nitrogen^  164. 
Dextrin,  240. 

Preparation,  240. 
Dextro-giueose,  245. 
Dextro-raeemic  acidy  272. 
Dextrose,  245. 

Estimation,  247. 

Preparation,  245,  246. 

Reactions,  246. 

Sources,  245. 

Transformations,  247. 
Dextro-4artaric  acidy  272.  m 

Diacetamide,  310.  ^ 

Diagrams,  22,  23. 
Diamides,  310. 
Diamines,  314. 
Diammonic  sulphate^  122. 


Diammonium  carbonate,  141. 

Hydrogen-arseniate,  203. 

Hydrogen-phosphate,  193. 
Diamond,  the,  6,  135. 

Characters,  135. 

Specific  gravity,  135. 
Diastase,  225,  240. 
Diatomic  acids,  264-269. 

AlcoholB,  230. 

Haloid  ethers,  288. 
Dibrom-anthraquinone,  217. 
Dibutyraldine,  315. 
Dicalcium  hydrogen-phosphate,  195. 
Dichloride  carbon,  153. 

Sulphur,  133. 
Dichloromethane,  289. 
Dichromate  potassium,  80,  104. 

Decomposition,  104. 

Preparation,  104. 

Properties,  104. 
Diethyl  hydrogen-phosphate,  297. 
Diethylamine,  312,  313. 
Digitalin,  331. 

Characters,  332. 

Preparation,  331. 

Reactions,  332. 
Digitalinum,  331. 
Digitaliretin,  332. 
Digitalis  purpurea,  331. 
Di-mercur-ammonium  chloride,  59. 
Dimetaborate  sodium,  155. 
Dimethyl  ketone,  307. 
Dimorphous  (definition),  75. 
Dimuriate  of  cinchonia,  319. 
Dinitro^ellulose,  238. 
Dioxalate,  potassium,  268. 
Dioxide,  carbon,  140. 

Nitrogen,  164. 
Dioxyphenic  add,  286. 
Dipotassic  carbonate,  146. 

Sulphate,  123. 
Disodic  carbonate,  143. 

Sulphate,  123. 
Disodium  hydrogen-arseniate,  203. 

Hydrogen-phosphate,  193. 

Orthoarseniates,  203. 

Orthophosphates,  203. 
Dissociation,  11,  54. 
Distilled  vinegar,  252. 
Disulphate  quinine,  317. 
Disulphide,  arsenic,  205. 

Carbon,  i54« 

Ferric,  114, 
Disulphurie  acid,  133. 
Dithionate,  hydrogen,  118. 


368 


INDEX. 


Dithionic  acid,  ii6,  ii8. 

DolomUe,  35,  125,  150. 

Double  sulphate  of  ammonia  and  copper^ 

127. 
Drying  oils,  300. 
Dryobalanops  aromatica,  236. 
Ductility,  27. 
Dumas,  M.  (Borax),  156. 
Dutch  liquid,  138,  289. 
Dyads,  12,  15,  16,  34-39- 

Groups,  34- 
Dynamite^  233. 

E. 

Ecballii  fructus,  331. 

Effervescing  citrate  of  magnesia,  278. 

Egg,  white  of,  338. 

Yellow  yelk,  339. 
Elaidic  acid,  262. 
Elaidine,  173. 
Elasticity,  gaseous,  i. 
Elaterin,  331.  , 

Elaterium,  331. 
Electrolysis  of  water,  80. 
Electro-negative  radicals,  16. 
Electro-positive  radicals,  15. 
Elementary  bodies,  3,  8. 
Elements,  2,  17. 
Elceopten,  217. 
Elutriation,  148. 
Emetic  tartar,  276. 
Emetine  (Emetia),  327. 
EfHodin,  346. 
Empirical  formulae,  18. 
Emulsin,  225,  328. 
Epsom  salts,  35,  125. 
Ep somite,  125. 
Equations,  chemical,  20,  23. 

HgS  reactions,  no. 
Equisetaceae,  277. 
Equisetic  acid,  277. 
Ergota,  242. 
Erlanger  blue,  344. 
Essence  ofcogfiac,  260,  300. 
Essences,  artificial  fruit,  349. 
Essential  oil  of  cinnamon,  306. 

of  Tartar,  271. 
Ethai,  229. 
Ethene,  138,  207. 

Chloride,  289. 

Diamine,  314. 
Ethenyl  nitril,  327. 
Ether,  292. 

Characters,  203. 


Ether,  decompositi<3ii,  293. 
Preparation,  292. 

B.P.  process,  292. 
Vapour,  293. 
Acfetic,  295. 

Characters,  295. 
Preparation,  295. 
Solvent  power,  295. 
Tests,  295. 

Unmey's  examination,  295. 
Nitric,  296. 
Nitous,  294. 

Characters,  294. 
Dispensing,  295. 
Preparation,  294. 

B.P.  process,  294. 
Theory  o^  294. 
Specific  gravity,  294. 
(Enanthic,  260. 
Ozonized,  84. 
Sulphuric,  292. 
Etheris  nitrosi  spiritus,  294,  295. 
Ethers,  287-301. 

Compound,  210,  293-301. 
Aromatic,  301. 
Flavouring  essences,  293, 
Preparation,  293. 
Haloid,  209,  287-291. 
Diatomic,  288. 
Monatomic,  287,  288. 
Triatomic,  289-291. 
Simple,  209,  291-293. 
Ethide,  zinc,  308. 
Ethine,  138,  214. 
Ethiodide,  zinc,  308. 
Ethiops  mineral,  113. 
Ethyl,  15. 

Acetamide,  310. 
Acetate,  295. 
Bisulphide,  297. 
Borate,  298. 
Citrate,  298. 
Diacetamide,  310. 
E thy  late,  292. 
Glycol,  230. 
Hydrate,  225. 

Fermentation,  225. 
False,  225,  226. 
Saccharine,  225. 
True,  226. 
Sources,  225. 
Hydrogen-sulphate,  296. 
Hydrogen-sulphite,  296. 
Hydrosulphide,  297. 
Monosulphide,  297. 


^I^^^^^^P                                                                                3^9    ^^1 

Ethyl  nilrale,  296. 

Fern  oxidum  magneticum,  99.                  ^^^H 

Nitrite,  294. 

Perchloridi  liquor,  60.                     ^^^H 

Oxalate,  298. 

Fortior,                           ^^^| 

,          Oxide,  agi,  292. 

Tinctura,  6 1 .                            ^^^1 

Phosphates,  297. 

Pemitratis  liquor,  168,  173.              ^^^H 

Phos|thites,  298. 

Peroxidum  hunudum,  96.                  ^^^H 

Silicate,  298. 

Hydratum,  96,  201.                    ^^^H 

Sulphate,  296. 

Antidote  to  arsenic,  201.      ^^^| 

Sulphides,  297. 

Decomposition,  97.             ^^^H 

Sulphite,  296. 

Solubility,  97.                        ^^^H 

Sulphonic  acid,  296. 

Persulphas,  131.                               ^^^H 

Sulphuric  acid,  207,  296. 

Persulphatis  liquor,  131, 276, 379.       ^^H 

Tamaie,  298. 

Phosphas,  195.                                 ^^H 

Trisulphide,  297. 

et  Quinix  dtras,  28a.                      ^^H 

Zinc,  30S, 

Sulphas,  130.                                       ^^^H 

Ediylamine,  312,  313- 

Exsiccata,  130.                            ^^^H 

EthyUm,  138. 

Granulala,  130.                          '^^^H 

Alcohol,  230. 

Ferric  acetate,  256.                                ^^^^| 

Chloride,  289. 

Ammonium  sulphate,  131.              ^^^^| 

.Hydrate,  230,  231. 

Benzoate,  2S2.                                   ^^^^| 

£t^Jie  alfohal,  225. 

Chloride,  60.                                  ^^H 

Eucal)!!,  245- 

Anhydrous,  60.                       ^^^H 

Enchlorine,  67. 

Dialysis,                                  ^^^H 

"Mmhroitt,  204. 

Solutions,  60.                          ^^^1 

*£»^eiiia  pimenta,  221. 

Citrate,  279.                                       ^^^H 

Engenic  acid,  220. 

Disulphide,  114.                                ^^^^| 

Eugenin,  220. 

Ferrocyanide,  180.                             ^^^^| 

Euodic  aldehyd,  221,  302. 

Gerhardl's  view,  iSo.                ^^^H 

Bverafs  salt,  176. 

Preparation,  180.                       ^^^^| 

Extraa.  GoulariTsy  257. 

Test  for  HCy,  tSo.                    ^^^| 

Salumint,  257. 

Gallate,  285.                                     ^^H 

Extracts,  green,  345. 

Hydrate,  96,  201.                                ^^^H 

Eslractum  glycyrrhizK,  332. 

Antidote  to  arsenic,  201.           ^^H 

Hydroxidt,  96.                                     ^^^| 

F. 

Nitrate,  173.                                     ^^H 

Oxide  (analysis),  iS.                            ^^1 

Fatty  adds,  250, 

Insolubility,  98.                          ^^H 

Series,  aldehyds,  302. 

Oxyarsenite,                                        ^^H 

Compound  ethers,  294. 

Oxyhydrates,  97.                                ^^^H 

Feather  alum,  130. 

Phosphate,  196.                                  ^^^H 

FeUing's  sotijiioti,  91,  247. 

Potassium  sulphate,  131.                    ^^^H 

Fcnnentation,  acetic,  226. 

Tartrate,  276.                              ^^H 

False,  225. 

Pyrogallate,  2S6.                              ^^H 

Lactic,  226,  264. 

Succinate,  269.                                    ^^^H 

Saccharine,  225, 

Sulphate,  17,  131.                                ^^H 

Pasteur,  M.,  226. 

Characters,  131.                           ^^H 

'     True,  225,  226. 

Solution,  131.                           ^^H 

Fccri  ct  ammonia  citras,  279,  2S0. 

Sulphide,  114.                                  ^^H 

Arsenias,  205. 

Thiocyanate,  184.                            ^^H 

Carbonas  saccharata,  152. 

Ferricyanide,  ferrous,  181.                         ^^^H 

Oxidation,  153. 

Hydrogen,  181.                      ^^^^| 

Preparation,  153. 

Potassium,                             ^^^^^^^^^ 

Citratis  mum,  290. 

Femcyanides,                               ^^^^^^^^| 

Dialysati  liquor,  61,  97. 

Metallic,                                J^^^^^l 

^lodidi,  75- 

Ferricyanogen,  181.                   ^^^^^^^^| 

1^^^ 

^^H 
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FeiToqranide,  feme,  i8o. 

Hydrogen,  17^ 

Potassium,  179. 
FenoeyanideSy  16. 

Metallic,  179,  180. 
Ferrocyanogen,  179. 
Ferroso-ferric  oxide,  98. 

Composition,  98. 

Preparation,  99. 
Ferrous  benzoate,  283. 

Bromide,  70. 

Carbonate,  152. 

Saccharated,  152^  153. 
Sources,  152. 

Chloride,  60. 

Di-nitro  sulphide^  290. 

Ferricyanide,  181. 

Ferrocyanide,  potassium,  180. 

Hydrate,  96. 

Iodide,  75,  76. 
PiU,  76. 

Preparation,  76. 
Properties,  76. 
Syrup,  76. 

Lactate,  265. 

Oxide,  98. 

Pyrogallate,  286. 
'  Sulphate,  130. 

Oxidation,  130. 
Preparation,  130, 
Reducing  agent,  131. 
Uses,  131. 

Sulphide,  113. 
Femim,  3. 

Redactum,  98. 

Tartaratum,  276. 
Fibrin,  340. 
Firedamps  138. 
Fished  salty  71. 
Fixed  alkaloids,  316-327. 
Flame,  constitution  of^  5. 
Flashing  point  (paraffin  oils),  350. 
Flavouring  essences,  293. 
Flesh-forming  bodies,  342. 
Flint,  157. 

Flores  antimonii,  102. 
Flour  of  arsenic,  198. 
Flowers  of  benzoin,  281. 

Zinc,  91. 
Fliickiger,  Professor  (Narcotine),  322. 
Fluid  magnesia,  150. 
Fluor  spar,  49. 
Fluorescence,  317. 

iEsculin,  335. 
Fluoride,  calcium,  49. 


Fluoride,  hydrogeOy  49. 

Siliam,  156. 
Flacvides,  16. 
Fbiorine,  49. 
Fiux^  Idaek^  274. 
Formamide,  310. 
Formate,  potassinm,  140. 
Formates,  16,  251. 
Formic  acid,  251. 

ChaiacteiSy  251. 
Preparation,  251. 
Pi^ification,  251.  • 

Aldehyd  saltB»  251,  302. 
Formica  n:l£^^  251. 
Formonitril,  31a 
Formula,  defimtion  o^  18. 
Formulae,  constitatioDal,  18. 

Empirical,  i8. 

Graphic,  J[  2,  13. 

Molecular,  18,  19. 

Rational,  18. 

Typical,  137,  208,  209. 
Formulation  of  scdts,  15. 
Formyl  chloride,  289. 
FowUr's  solution^  200. 
Frangulin,  346. 
Fraxinus  Ornus,  253. 

RotundifoUa,  233. 
Free  hydroxyl,  84. 

State,  2. 
Fructus  Ecballii,  331. 
Fruit  essences,  artificial,  349. 

Sugar,  248. 
Fuais  palmatus,  71. 
Fulminating  sih^er^  87. 
Fusel  oil,  228,  229. 
Fusibility,  27. 

Fusible  white  precipitate,  59. 
Fustic,  346. 

G- 

Galactose,  245. 
Galena,  45. 
Gallate,  ferric,  285. 

Hydrogen,  284. 

Veratria,  285. 
Gallic  acid,  225,  284. 

Characters,  284. 

Preparation,  284. 

Reactions,  284. 

Salts,  284. 

Tests,  284. 
Galvanized  Iron,  37. 
Gambogic  add,  346. 
Garancin,  348. 


INDEX.                                                     yjt    ^^H 

Gas,  tarbonic  add,  140. 

Glycogen,  240.                                       ^^^| 

Coal,  13S. 

Glycol,  223,  230,  331.                            ^^H 

Illuminating  powers,  139. 

Butyl,  iz\.                                         ^^H 

Products  of  distillation,  139. 

Elhyl,                                                 ^^^1 

Laugking,  163,  i6g. 

TttTyl,2-ii.                                        ^^H 

Limf,  118. 

7>r/y,  231.                                         ^^H 

Marsh.  14,51.  '38. 

Olycols,  230.                                          ^^^1 

Olefianl,  51,  138,  212. 

Glycyrrhetin,  332.                                      ^^H 

Phosgene,  154- 

Glycyrrhiza  glabra,  332.                             ^^^1 

Gases.  combination  by  volume,  10,  ir. 

Glycyrrhizx  extractum,  332.                    ^^^^| 

Compound,  11. 

Glycyrrhizin,  332.                          ^^^^^^^^| 

Density  of,  11. 
Gelatin,  335. 

97.                                ^^^^^^^^^k 

Oold,  3.      39'                          ^^^^H 

German  silver,  37,  43. 

15.                        ^^^^^^^^H 

GltKtal phesphork  acid,  iga. 

Extraction,  40.            ^^^^^^^^H 

Glaire,  339. 

Properties,  40.                           ^^^| 

Glass,  157. 

Sources,  39.                              ^^H 

^^^^Annealing,  158. 

Chloride,  59.                                   ^^H 

^^^^HhntimoQtai,  115. 

Solder,                                             ^H 

^^^^H^ti  iSS. 

Tetrachloride,  59,                            ^^H 

^^^^been  bottl^  158. 

Golden  sulphide  of  antimony,  it  6.              ^^^H 

^^^^^K^te,  158. 

Gossypium,  B,F.,  238.                                ^^^H 

^^^^Hle&actOTy  chemical,  15  8. 

Goulard's  extract,  257.                                 ^^^| 

^^^B&Af^yir,  157. 

Graham,  Professor  (Occlusion),  30.          ^^^| 

Grape  sugar,  245.                                         ^^^H 

^f^SaAerite,  113. 

Graphic  formula,  12,  13.                            ^^^| 

©SrfW/n,  341- 

Graphite,  6,  135.                                         ^^H 

Ghicosamides,  328,  335. 

Uses,                                                     ^^H 

GJucosan,  243. 

Gravity,  specific,  10.                                    ^^H 

Glucose,  216,  238,  239,  245. 

Green,  aniline,  314.                                     ^^H 

Olnoosee,  237. 

Brunswick,  345-                               ^^H 

alucorideB,  328-337. 

Carbmate  of  copper,  152.                   ^^H 

Gluten,  341. 

Extracts,  345.                                  ^^^1 

Glutin,  342. 

Malachite.  345-                                   ^^H 

Glycerides,  299. 

Pigments,  345.                                ^^^1 

Glycerin,  223,  231. 

Schweinfurth,  345.                           ^^^H 

Characters,  232, 

Verdigris,  255,  256.                           ^^H 

OHicial  solutions,  232. 

Verditer,  345.                                      ^^H 

Preparation,  231,  232. 

Vitriol,  130.                                         ^^H 

Salts.  233. 

Qreenockite,  n,  x\2.                                   ^^H 

Solvent  power,  232. 

Griffith's  mixture,  153.                                ^^^H 

Tests,  232. 

Grotto  del  cane,  140.                                  ^^^| 

<2ycerinura  acidi  gallici,  284. 

Guaiacin,  332.                                         ^^H 

Acidi  tannici,  286. 

Akoholic  solution,  333.                   ^^H 

Amyli,  239. 

Oxidation,  331.                               ^^H 

Boracia,  156. 

Test  for  chromic  acid,  332.              ^^H 

Gljrt^ryl,  ,5. 

Guaiacum  officinale,  332.                           ^^H 

^^^  Hydrate,  23  r. 

Resin,  test  for,  334,                           ^^^| 

^^^^Udyristate,  221. 

Guaiaretin,  ^^2.                                         ^^H 

^^^gleate,  299. 

^^^■hlmitate,  299. 

Guarana,  316.                                       ^^^^| 

^^Hfe^ate,  299. 

Gum,  British,  240.                       ^^^^^^^^| 

^^^^B^oleate,  300. 

^^^^^^^^H 

^^^^RVipalmiute,  300. 

Gun                      239.                 ^^^^^^^^H 

^^HTristearate,  300. 

44.                     ^^^^^H 

372 


INDEX. 


Gunpowder,  170. 
Guttapercha,  221. 
Gypsum^  124. 

H. 

HctmaHn^  341. 

Haematite,  41, 98. 

Haematoxyli  lignum^  347. 

Hsematoxylin,  347. 

Haemo-hsemato-globin,  340. 

Haidingerite^  204. 

Hair  salty  125. 

Halides,  acid,  211. 

Haloid  ethers,  209,  287,  289-291. 

Diatomic,  288. 

Monatomic,  287. 

Triatomic,  289-291. 
Halogen-carbon  compounds,  153. 

Sulphur  compounds,  133. 
Halogens,  68. 

with  Cyanogen,  184. 

with  Phosphorus,  188. 
Hanckwitz,  Ambrose  Godfrey,  185, 
Hardness^  temporary  (water),  149. 
Harrowgate  water,  109. 
Hartshorn^  spirit  of^  85. 
Heat,  10. 

Atomic,  8. 

Specific,  8. 
Heat-producing  bodies^  342. 
Heavy  carburetted  hydrogen^  138. 

^P<^^^  35»  125. 
Helmholtz,    Professor     (Green 

pigments),  345. 
Hepatic  water Sy  109. 
Herapathite,  317. 
Hesse,  O.  (Cinchonine),  319. 
Heveene,  221. 
Hexads,  12,  15,  16,  48. 
Hezatomic  alcohols,  233. 
HexchloroethanCy  154. 
Hexdecyl  hydrate,  229. 
Hoffner's  blue,  343. 
Homologous  hydrocarbons,  208. 

Series,  137. 
Honey  dew,  247. 

Sugar,  248. 
Horn  lead,  61. 

Silver,  54. 
Hornblende,  36. 
Howard,  Mr.  (Cinchona),  318. 
Hubbock's  process  (zinc),  91. 
Huttenrode  ore,  97. 
Hydrargyri  iodidum  viride,  74. 


Hydrargyri  lotio  flava,  92. 
Nigra,  57,  92. 

Nitratis  liquor,  172. 

Unguentum,  172,  262. 

Oxidum  flavum,  92,  93. 

Rubrum,  92,  93,  166, 172. 

Perchloridum,  58. 

Subchloridum,  57. 

Sulphas,  128. 

Sulphuretum  cum  sulphure,  113. 
Hydrargyrum,  3,  38. 

Ammoniatum,  57,  59.  • 

Hydrastis  Canadensis,  325. 
Hydrate,  cuetyly  251. 

Aluminium,  93. 

Ammonium,  85. 

Amyl,  228. 

Barium,  89. 

Benzyl,  236.  , 

Bismuthous,  loi. 

Butyl,  228. 

Butylene,  231. 

Calcium,  88. 

Camphyl,  236. 

Ceryl,  229. 

Chloral,  303. 

Chromic,  103. 

Cinnyl,  236. 

Cobaltous,  96. 

Cupric,  91. 

Ethyl,  225. 

Ethylene,  230,  231. 

Ferric,  96. 

Ferrous,  96. 

Glyceryl,  231. 

Hexdecyl,  229. 

Isopentyl,  228. 

Lithium,  85. 

Magnesium,  90. 

Manganous,  94. 

Mannityl,  233. 

Methyl,  224. 

Methylene,  230. 

Myricyl,  229. 

Nickelous,  96. 

Phenyl,  234,  235. 

Plumbic,  100. 

Potassium,  32,  86. 

Propylene,  231. 

Sodium,  86. 

Stannous,  99. 

Strontium,  89. 

Terpentin,  218. 

Terpin,  218. 

Tetrethyl  ammonium,  313. 
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Hydrate,  tetryl^  228. 
Tetorylene,  231. 
TrityUne^  231. 
Zinc,  90. 
Hydraied  alumifui^  93. 
Magnesia^  9a 
Ooadi  of  aluminium^  93. 
Bismuth^  loi. 
Chromium^  103. 
C^/^,  91. 
Z^o//,  100. 
Pota9h^  86. 
TBi,  99. 
Z(Vsr,  90. 
Soda,  86. 

Sulphuric  cicid,  120. 
Hydrates,  16. 

Definition,  82. 
Hydrato-carbonate,  magnesium,  150. 
Plumbic,  151. 
Zinc,  151. 
Hydric  ammonic  carbonate,  142. 
Peroxide,  84. 

Preparation,  84. 
Properties,  84. 
Theories  respecting,  85. 
Sodic  carbonate,  144. 
Sulphate,  120. 
VcUerianate,  258. 
Hydride,  acetyl,  302. 
Benzoyle,  305. 
Cinnamyl,  306. 
Cuprous,  31. 
Salicosyl,  330, 
Hydrides,  16,  31. 
Hydriodic  add,  72. 
Hydrium,  28. 
Hydrobromic  cLcid,  69. 
Hydrocalcite,  148. 

Hydrocarbon    radicals,    oxygenated 
(acid),  210. 
Unsaturated,  208. 
Hydrocarbons,  207-221. 

Action  on  chlorine,  51. 
Homologous,  208. 
Isologous,  208. 
Hydrochlorate,  atropine,  324. 
Cinchonine,  318. 
Morphine,  321. 
Quinine,  317. 
Strychnine,  323. 
Hydrochloric  acid,  52. 
Hydrocotamine,  322. 
Hydrocyanic  acid,  176. 
Decomposition,  177. 


Hydroftrricyamc  acid,  181. 
Hydroferrocyanic  acid,  179. 
Hydrofluoric  acid,  49. 
Hydrqfluonlidc  acid,  156. 

^drogen,  3,  4,  8,  i5»  ^^-S'- 

Characters,  28. 

Combinations,  31. 

Experiments,  4. 

Flame,  30. 

Lamp,  30. 

Liquefaction,  29. 

Nascent,  30. 

Non-metallic  compounds,3 1 . 

Occlusion,  30. 

Preparation,  4,  29. 

Properties,  29. 

Reducing  powers,  30. 

Replaceable,  14. 

Sources,  29. 

Weight  of  one  litre,  28. 
Acetate,  251. 
Ammonium  oxalate,  267. 
Antimoniuretted,  198. 
Arseniate,  202. 

Analogy  with 

phosphates,  202. 
Characters,  202. 
Preparation,  202. 
Salts,  202. 

Barium,  204. 

Calcium,  204. 

Diammonium,  203. 

Disodium,  203. 
Arsenide,  197. 

Decomposition,  198. 

Distinctive  character,  198. 

Preparation,  197. 

Reactions,  198. 
Arseniuretted,  197. 
Benzoate,  281. 
Borate,  155. 
Bromate,  70. 
Bromide,  69. 
I  Butyrate,  258. 
Caproate,  260. 
Carbonate,  sodium,  144. 
Chlorate,  66. 
Chloride,  52. 
Chlorite,  65. 
Cinnamate,  283. 
.Citrate,  277. 
Cyanate,  182. 
Cyanide,  176,  177. 
Dithionate,  118. 
Ferricyanide,  181. , 
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Hydrogen  ferrocyanide,  179. 
Fluoride,  49. 
Collate,  284. 

Heavy  carburetted^  138.     ' 
Hypochlorite,  63. 
Hypophosphite,  189. 
Hyposulphite,  116. 
lodate,  77. 
Iodide,  72. 
Lactate,  264. 
Laurate,  260. 
Light  carburetted^  138. 
Malate,  270. 
Meconate,  270. 
Metaphosphate,  192. 
Myristate,  260. 
Nitrate,  167. 
Oleate,  262. 
Oxalate,  265. 
Oxide,  83. 

Boiling  point,  83. 
Composition,  83,  84. 
Properties,  83. 
Varieties,  84. 
Palmitate,  260. 
Pelargonate,  260. 
Pentathionate,  119. 
Phosphate,  191. 

Characters,  191. 
Decomposition,  i 
Preparation,  191. 
Ammonium,  193. 
Dicalcium,  195. 
Diethyl,  297. 
Monethyl,  297. 
Monocdcium,  195. 
Sodium,  193. 
Phosphide,  187. 
Characters,  188. 
Gaseous,  187. 
Inflammability,  187. 
Liquid,  187. 
Natural,  187. 
Preparation,  187. 
Solid,  187. 
Phosphite,  190. 
Phosphorus,  with,  187. 
Phosphuretted^  187. 
Propionate,  258. 
Pyrogallate,  286. 
Pyrophosphate,  192. 
Pyrosulphate,  133. 
Rutate,  260. 
Salicylate,  283. 
Seleniuretted,  159. 


91, 


Hydrogen,  silico-fluoride,  156. 
Stearate,  261. 
Succinate,  269. 
Sulphate,  120-122. 
Cinchonine,  318. 
Ethyl,  296. 
Phenyl,  301. 
Sulphide,  109. 

Analytical  reactions,  no. 
Preparation,  109. 
Properties,  109. 
Solubility,  109. 
Sources,  109. 
Sulphite,  ethyl,  296. 
Sulphuretted,  109. 

Reactions,  no. 
Tartrate,  271. 

Ammonium,  273. 
Potassium,  274. 
Sodium,  274. 
Tetrathionate,  119. 
Thiocyanate,  183. 
ThiosulphAte,  117. 
Trithionate,  119. 
Valerianate,  258. 
Hydrogenium,  28. 
Hydro-magnesiUy  150. 
Hydrometer,  Sykes',  227. 
Hydroquinone,  330. 
Hydroquinones,  217. 
Hydrosulphide,  ethyl,  297. 
Hydrosulphuric  acid^  109. 
Hydrostdphurous  add^  116. 
Hydroxide^  aluminic^  93. 
Ammonium ^  85. 
Barium,  89. 
Bismuthy  loi. 
Calcium,  88. 
Chromic,  103. 
Cobaltous,  96. 
Cupric,  91. 
Ferric^  96. 
Magnesium,  90. 
Manganous,  94. 
Nickelous,  96. 
Plumbic,  100. 
Potassium,  86. 
Stannous,  99. 
Strontium,  89. 
2^nc,  90. 
Hydroxyl,  53,  82. 

Free,  84. 
Hypobromous  acid,  70. 
Hypochloride  of  sulphur,  133. 
Hypochlorites,  16,  63. 
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Hypochlorites,  metallic,  64. 
Hypochlorous  acid,  63. 

Anhydride,  63. 
Hypo-iodites,  77. 
H)rpo-iodous  acid,  76,  77. 
Hyponitric  acid,  166. 
Hypophosphite,  barium,  190. 

Calcium,  190. 

Hydrogen,  189. 

Po^sium,  189. 

Quinine,  318. 

Sodium,  189. 
Hypophosphites,  16,  189. 
Jl/pophosphorous  acidy  189. 
Hyposulpharsenite,  ammonium,  206. 
Hyposulphite,  hydrogen,  116. 

Soda,  118. 
*  Hyposulphites,  16. 
Hyposulphuric  acidy  118. 
Hyposulphurous  acid,  116,  117. 
Hyoscyamine  (Hyoscyamia),  327. 
Hyoscyamus  niger,  327. 

I. 

^(termination),  13,  17. 
Ice,  83. 

Ide  (termination),  17. 
Igasuric  acid,  323. 
Ignatia  amara,  323. 
lUicium  anisatum,  219. 
Imperial  green,  201,  256. 
Indian  ink,  343. 

Yellow,  346. 
India-rubber,  221. 
Indican,  344. 
Indiglucin,  344. 
Indigo,  344,  345. 

Manufacture,  344. 
Sulphate,  solution,  345. 
White,  117. 

Copper,  113. 
Indigofera  (genus),  344. 
Indigotin,  344. 
Inertia  (matter),  2. 
Infusum  sennx,  comp.,  329. 
Ink,  marking,  aniline,  314. 

Indian,  343. 

Printing,  343, 

Sympathetic,  173. 
Inosite,  245. 
Introduction,  1-6. 
Inula  Helenium,  240. 
Inulin,  240. 
Inverted  sugar,  244,  247,  248.  * 


lodate,  hydrogen,  77. 

Potassium,  77. 
lodates,  16,  77. 
lodi  liquor,  98. 
Iodic  acid,  76,  77. 

Anhydride,  76. 
Iodide,  ammonium,  73. 
Arsenious,  205. 
Cadmium,  74. 
Cuprous,  74. 
Ferrous,  75. 
Hydrogen,  72. 
Iron,  75. 
Lead,  76. 
Mercuric,  75. 
Mercurous,  74- 
Methenyl,  291. 
Meth3d,  288. 
Nitrogen,  175, 
Phosphorous,  188. 
Plumbic,  16,  76. 
Potassium,  16,  73. 
Sodium,  73. 

Tetrethyl-ammonium,  313. 
Iodides,  16,  72. 
Alkahne,  73. 
Metallic,  72. 
Iodine,  3,  8,  9,  71,  72. 

'  Combinations,  72. 
Kelp  manufacture,  71. 
Preparation,  71. 
Properties,  72. 
Solubility,  72, 
Sources,  71. 
Com[K)unds  with  chlorine,  78. 

Oxygen,  76. 
Mono-chloride,  78. 
Monosulphide,  134- 
Test  {starch),  239. 
Tetrachloride,  78. 
Trichloride,  78. 
Volumetric  solution,  20a 
lodocyanoform,  291. 
Icftioform,  291. 
lodomethane,  288. 
Iron,  3,  8,  41. 

Atomicity,  42. 
Bessemer  process,  41. 
Cementation  of,  41. 
Passivity,  42. 
Pig-iron,  41. 
Preparation,  41. 
Properties,  42. 
Sources,  41. 
Wrought,  41. 
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Iron  a/um,  131,  132. 

• 

nice,  lemon,  277. 

Benzoate^  282. 

■ 

uniperi  oleum,  221. 

Bromide^  70. 

[uniperus  communis,  221. 

Carbonate^  152. 

Sabina,  221. 

Chloride^  do. 

Citrate  and  quinine^  280. 

K. 

Ferric,  15. 

Kalium,  3. 

Ferrous,  15. 

Kelp,  71,  143- 

Galvanized,  37. 

Process  of  manufacture,  71. 

Iodide^  75. 

Kermes  mineral y  115. 

Magnetic  oxide,  98. 

Ketone,  211,  223. 

Monosuphide^  113. 

Acetic,  306,  307. 

Nitrate^  173. 

Dimethyly  307. 

Perchloridey  60. 

Ketones,  306. 

Pemitrate^  173. 

King's  blue,  343. 

Peroxide^  96. 

YelloWy  206. 

Perphosphatey  196. 

Kishy  135. 

Persulphate y  131. 

Kolbe  (alcohol  classification),  223. 

PotassiO'tartratey  276, 

Kupfer-nickely  43. 

Proto-lactatey  265. 

Proto-sulphatCy  130. 

L* 

Pyrites,  41,  106,  114. 

Yellow y  114. 

Labarraqu^s  liquidy  64. 

Red  acetatey  256. 

I^c  sulphuris,  107. 

Rust,  97. 

I/ac-dye,  348. 

Sesquisulphidey  114. 

Lactate,  ammonium,  265. 

Succinatey  269. 

Argentic,  265. 

StilpJiatey  130. 

Ferrous,  265. 

Tri-acetatey  256. 

Hydrogen,  264. 

Trihasic  phosphatey  195. 

Mercurous,  265. 

Isatine,  52. 

Mercury y  265. 

Isinglass,  335. 

Quinine,  318. 

Isobutyl  carbinoly  228. 

Silvery  265. 

IsocyanateSy  182. 

Zinc,  265. 

Isocyanide  phenyl,  327. 

lactates,  16,  265. 

Isocyanides,  327. 

Tactic  acid,  264. 

Isologous  hydrocarbons,  208. 

Characters,  264. 

Isomeric  bodies,  207. 

Fermentation,  226,  264. 

Isomorphous  salts,  122. 

Salts,  265. 

Isonandra  gutta,  221. 

Sarco-lactic,  265. 

Isopentyl  hydratey  228. 

Sources,  264. 

Isoprene,  221. 

Lactin,  244. 

//^  (termination),  17. 

Lactose,  242,  244. 

1 

Characters,  244. 

J. 

Decomposition,  245. 

Estimation,  245. 

Jalapa,  334. 

Preparation,  244. 

Resin,  test  for,  334. 

Lactuca  virosa,  269. 

Jalapae  resina,  334. 

L'avO'glucosey  247. 

!  alapin,  334. 

Larvo-tarfaric  acid,  272, 

,  alapinolic  acid,  334. 

Lagoniy  155. 

Jargonelle  essence,  299. 

LaJuy  carmine,  347. 

Jaune  brillanty  n  2. 

Lanthopine,  322. 

Jervine  (Jervia),  326. 

Lapis  calaminaris,  151. 

Jeiveller^  rouge,  98. 

InfemaliSy  170. 
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Lapis  lazuli,  343. ' 
Laudanine,  322. 
Laudanosine,  322. 
Laughing  gas,  163,  169. 
Laurate,  hydrogen,  260. 
Laurie  acid,  260. 
Lauroceiasi,  aqua,  329. 
Lavandula  vera,  221. 
Lavandulae  oleum,  221. 
Law  of  multiples,  7. 

Quantitative,  7. 

of  Reciprocal  proportions,  7. 
Laws  of  combination,  7-9. 
Lead,  3,  8,  15,  45. 
Alloys,  45. 
Ores,  45. 
Preparation,  45. 
Properties,  45. 
Salts,  45. 

Antimonide,  47. 

Bladk,  135. 

Carbonate^  151. 

Hydrated  oxide,  100. 

Iodide,  76. 

Magisiery  of,  61. 

Nitrate,  174. 

Oleate,  263. 

Oxalate,  268. 

Plaster,  231,  263. 

Red,  79. 

Sesquioxide,  10 1. 

Subacetate,  257. 

Sugar,  257. 

Sulphate,  132. 

Tartrate,  276. 
Leather,  artificial,  285. 
Leblanc's  process,  (HCl,  soda),  32, 53, 

Lecanorea  tartarea,  344. 
L^umin,  342. 
Lanon  juice,  277. 

Salts  of,  268. 
Lenarto  (meteoric  iron),  30. 
Lepidolite,  31. 
Levigation,  91. 
Leviiose,  240,  245,  247. 

Characters,  248. 

Sources,  247. 
I-,ichen-blue,  344. 
Light  carburet  ted  hydrogen,  138. 
Lignin,  238. 
Lime,  88. 

.  Acetate,  255. 

Benzoate,  282. 

Bicarbonate,  149. 


Lime,  bisulphite,  117. 
Carbonate,  x/^Z, 
Chloride,  64. 
Chlorinated,  64. 
Citrate,  279. 
Nitrate,  171. 
Oleate,  263. 
Oxalate,  268. 
Slaked,  88. 

Soluble  phosphate,  194. 
Sulphate,  124. 
Superphosphate,  195. 
Tartrate,  275. 
Lime-light,  81. 
Limestone,  148. 
Limonade  purgative,  279. 
Limonis  oleum,  221. ' 
Limonite,  97. 

Linimentum  ammonise,  262. 
Calcis,  263. 

Potassii  iodidi  cum  sapone,  261. 
Saponis,  263. 
Linolein,  300. 

Liquid,  Cadet's  fuming,  307, 
Dutch,  138,  289. 
Labarraque,  64. 
Liquor  ammoniae,  B.P.,  85. 
Fortior,  85. 
Acetatis,  254. 
Antimonii  chloridi,  61,  62. 
Arsenicalis,  200. 
Arsenici  hydrochloricus,  199, 200. 
Bismuthi,  158,  159. 

et  Ammonias  citratis,  290. 
Calcis  saccharatus,  88. 
Chlori,  52. 
Citratis,  278. 
Ferri,  61,  97. 

Perchloridi,  60. 
Fortior,  60. 
Gelatinization,  60. 
Pemitratis,  i63,  173. 
Persulphatis,  131,  276,  279, 
280. 
Hydrargyri  nitratis,  172. 
lodi,  98. 

Lithiae  effervescens,  141. 
Magnesias  carbbnatis,  150. 

Citratis,  279. 
Plumbi  sulKtcetatis,  257. 

Dilutus,  258. 
Potassae,  86,  313. 
Sodas,  86. 

Arseniatis,  204. 
Chloratae,  64. 
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Liquor  zinci  chloridi^  56. 
Litharge^  100. 
Lithia,  85. 
Lithiae  carbonaSy  141. 

Citras,  378. 
Lithiasis^  147. 
Lithium,  3,  8,  15,31. 

Carbonate,  141. 
Characters,  141. 
Preparation,  141. 
Tests,  141. 

Citrate,  378. 

Hydrate,  85. 

Hydroxide,  85. 

Li(^uor  effervescens,  141. 

Oxide,  85. 
Litmus,  344. 

Blue  paper,  344. 

Red  paper,  344. 

Tincture,  344. 
Liver  of  antimony,  115. 

Sulphur,  III,  112. 
Lotio  hydraxgyri  flava,  92. 

Nigra,  57,  92. 
Ludfers,  manufacture  o^  186. 
Lunar  caustic,  170. 
Luteolin^  346. 

M. 

Macqueen's  process  (chlorine),  51. 
Madder,  216. 
Magenta,  314. 
Magistery  of  lead,  61. 
Magnesia,  90,  201. 

Alba,  35,  150. 

Ammonuharseniate,  204. 

Citrate  (true),  279. 

Efifervescing  citrate,  278. 

Fluid,  150. 

Hydrate,  90. 

Levis,  90. 

Sulphate,  125. 
Magnesias  carbonas,  150. 

Levis,  150. 

Citratis  liquor,  279. 

Sulphas,  125. 
Magnesite,  125,  150. 
Magnesium,  3,  8,  15,  35. 
Preparation,  35. 
Properties,  36. 
Sources,  35, 

Amalgam,  36. 

Ammonium  arseniate,  204. 
Chloride,  56. 


Magnesium  carbonate,  150. 

Chloride,  56.  . 

Citrate,  279. 

Hydrate,  90. 

Hydrato-carbonate^  150. 

Hydroxide,  90. 

Oxide,  90,  201. 

Oxycaibonate,  150,  201. 

Phosphate,  ammonium,  194. 

Salt,  329. 

Sulphate,  125. 

Ch^^ters,  125. 
Preparation,  125. 
Sources,  125. 
Supersaturation,  125. 
Tests,  125. 

Water  of  constitution,  12 
Magnetic  oxide  of  iron,  98. 

Pyrites,  114. 
Maisch,  Professor  (Amyl  nitrite),  a 
Malachite,  152. 

Green,  345. 
Malate,  calcium,  270. 

Hydrogen,  270. 
Malates,  16,  270. 
Malic  acid,  270. 
Malleability,  26. 
Malt  vinegar,  252. 
Malting,  225. 
Maltose,  242. 
Malvaceae,  241. 
Manganate,  potassium,  95. 

Sodium,  95. 
Manganates,  95. 
Manganese,  3,  8,  40. 

Properties,  41. 

Black  oxide,  94. 

Blende,  113. 

Oxides,  94- 
Manganic  anhydride,  95. 

Oxide,  94. 

Peroxide,  79,  80, 94, 
Native,  94, 
Oxidant  (an),  94. 
Properties,  94. 
Manganoso-manganic  oxide,  94. 
Manganous  chloride,  59. 

Hydrate,  94. 

Hydroxide,  94. 

Oxide,  94. 

Sulphate,  130. 

Sulphide,  113. 
Manna,  233. 
Mannite,  233,  234. 
Mannitic  alcohol,  233. 
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Mannitose,  245.. 
Mannityl  hydrate,  233. 
Maracaibo  balsam,  220. 
'Maranha  balsam,  220. 
Marble,  Caiiara,  148. 

Statuary ^  148. 

White,  148. 
Margaric  acid,  300. 
Margarin,  300. 
Marking  ink,  aniline,  314. 
Marmor  album,  143. 
Marsh  gas,  14,  51,  138. 
Mash,  distillation  of,  226. 

Fermentation  of,  226. 

Preparation  of,  226. 
Massicot,  100. 
Matches,  ruby,  186. 

Safety,  186. 
Matter,  i. 

Divisibility,  2, 

Extension,  i. 

Gaseous,  i. 

Impenetrability,  i. 

Indestructibility,  i. 

Inertia,  2. 

Liquid,  i. 

Porosity  2. 

Solid,  I. 
Matthiessen  &  Wright  (Apomorphine), 

321. 
Mauve,  314. 

Mauveine,  314. 

Meconate,  hydrogen,  270. 

Meconates,  16,  271. 

Meconic  acid,  270. 

Characters,  271. 

Preparation,  270. 

Salts,  271. 
Meconidine,  322. 
Meconine  (Meconia),  320,  322. 
Meerschaum,  36. 
Melaleuca  minor,  219. 
Melezitose,  241. 
Melissic  acid,  261. 
Melissin,  299. 
Melissyl  alcohol,  229. 

Palmitate,  299. 
Melitose,  241. 

Melting  point  (platinum),  44. 
Melyl  alcohol,  229. 
Menthae  piperita  oleum,  221. 

Viridis  oleum,  221. 
Menthene,  221. 
Mephitic  air,  160. 
Mercaptan,  297. 


Mercaptans,  297. 
Mercur-ammonium  chloride,  58,  59. 

Di-ammonium  chloride,  59. 
Mercuric  chloride,  58. 

Precipitation  of  albumen  by, 

58. 

Preparation,  58. 

Properties,  58. 

Reduction  of,  58. 
Cyanide,  178. 
Iodide,  75. 

Alkaline  solution,  75. 

Dimorphism,  75. 

Preparation,  75. 

Properties,  75. 
Nitrate,  172. 
Oxide,  79,  92. 

Adulterations,  93. 

Preparation,  92. 

Properties,  93. 
Oxynitrates,  173. 
Salts,  13. 

Sulphate,  22,  128. 
Sulphide,  113,  346. 
Mercurous  ammonium  chloride,  57, 
Carbonate,  152. 
Chloride,  57. 

Preparation,  57. 

Reactions,  57. 

Reduction  of,  57. 
Iodide,  74. 

Decomposition,  75. 

Preparation,  74. 
Lactate,  265. 
Nitrate,  172. 
Oxide,  92. 
Salts,  13. 
Sulphate,  128. 
Sulphide,  113. 
Mercury,  3,  8,  9,  38. 

Preparation,  38. 

Properties,  39. 

Sources,  38. 

Vapour  density,  1 1 . 
Amalgams,  39. 
Bichloride,  58. 
Lactate,  265. 
Mercuric,  15. 
Mercurous,  15. 
Persulphate,  128. 
Sublactate,  265. 
Suboxide,  92. 
Subsulphate,  128. 
Meso-tartaric  addi  272. 
Metacarbonate^  calcium^  148. 


^H    3S0                                                      INDEX.                                                 ^H 

Metacarbonic  acid,  148, 

Methyl  sulphinic  acid,  197.         ^^| 

Meta-cinnamein,  ai6,  306. 

Sulphonate,  296.                 ^H 

Metal,  Britannia,  a 8,  44, 

Sulphonic  acid,  296.           ^H 

^               BeU,  2S,  44. 

Methylamine,  313.                     ^H 

^            Gun,  28,  44- 

Methylated  chloroform,  290,       ^^| 

■            Xos^s.  43- 

Detection  of|  290.         ^^| 

H^            Speculum,  28,  44. 

Spirit,  224.                          ^H 

Type,  aS,  45,  47- 

Strength  of,  224          ^^| 

White,  a  8. 

Methylconine,  315.                    ^^| 

Mctallammoniums,  128. 

Methylene  alcohol,  230.                 ^H 

^^    Metallic  bromides,  69. 

Bichloride,  2S9.                    ^H 

^K           Carbonates,  141. 

Chloride,  289.                    ^H 

^H            Chlorides,  52-62. 

Di'iodide,  291.                    ^H 

^H            Cyanates,  183. 

Hydrate,  330.                   ^^H 

^H            Cyanides,  176. 

Methylic  alcohol,  224.      ^^^H 

^^V             Fenicyanides,  181. 

Methyl  morphine,  322.    ^^^^^^H 

^H              Ferrocyanides,  179,  180, 

.^^^H 

^H              Hypochlorites,  64. 

MIcrocosmic  salt,  193.   ^^^^^^H 

^^H            Iodides,  73. 

Reactions,  194.        ^^^^^^B 

^^1           Nitrates,  169-174. 

Milk,  339.                                ^H 

^^P            Nitroprussides,  1S2. 

Presence  of  casein,  339,  34^H 

^K           Sulphates,  120. 

Sugar,  244.                           ^H 

1                     Sulphides,  109. 

Milk  of  sulphur,  B.P.  preparation,  \v^ 

Thiocyanates,  1S3. 

Theory  of  composition,  10]^ 

Metalloids  (list),  26. 

P.L.,  1721,  108. 

L      Metals  (list),  26. 

Properties,  108. 

^L    Melamenc  bodies,  Z07. 

Mindereri  spiritus,  254. 

^^B     Metantimoniate,  potassium,  loz. 

Minium,  100. 

H             Sodium,  to2. 

Mislura  fern  composita,  153. 

^^     Metaphosphate,  hydrogen,  192. 

Spiritus  vini  Gallic!,  339. 

Metaphosphates,  16,  192. 

Mitis green,  lai,  256. 

Metaphosphoric  acid,  160,  191,  192. 

Moisl  hydrattd  peroxide  of  iron, 

Metaraenitcs,  200. 

Molecular  formuUe,  18,  19. 

Metastannates,  99. 

Weight,  9,  1 7. 

Metastannic  acid,  99. 

Molecules,  2. 

Metasulpharsenite,  sodium,  206. 

UonadB,  12,  15,  16,  sS. 

Methane,  138. 

Monamides,  309,  310. 

Methene  chloride,  289. 

Primary,  309. 

Methenyl  bromide,  290, 

Secondary,  309,  310.  ' 

Chloride,  291. 

Tertiary,  309,  310. 

Iodide,  291. 

Monamines,  312-314. 

Nitril,  177. 

Monatomic  alcohols,  223,  230., 

Methide,  sodium,  308. 

Aldehyds,  302. 

'     Methyl,  14,  15. 

Haloid  ethers,  288. 

Bromide,  288. 

Monethyl  hydrogen  phosphate, 

Chloride,  288. 

Monocalcium    hydrogen    phoe 

Cyanide,  327. 

'95- 

Ethyl  oside,  291. 

Monochloride,  bromine,  134, 

Hydrate,  124. 

Iodine,  78. 

Characters,  224, 

Sulphur,  133. 

Decomposition,  224. 

Preparation,  214. 

Purified,  224. 

Sulphate,  124. 

Iodide,  288. 

Monosodic  sulphate,  123. 

Oxide,  291,292. 

Monosulphide,  carbon,  154. 
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Monosulphide,  ethyl,  297. 

Iodine,  134. 

Iron^  113. 
Monoxide^  nitrogefij  163. 
Mordant  (aluminium),  93. 
Morphia,  320. 

Muriate i  321. 
Morphias  acetas,  321. 

Hydrochloras,  321. 
Morphme,  320. 

B.P.  preparation,  320. 
Reactions,  320. 
Solubility,  320. 

Acetate,  321. 

Hydrochlorate,  321. 
Mountain  green,  152*. 
Mucic  acid,  241,  245. 
Mucilago  amyli,  239. 
Mulberry  calculus,  268. 
Multiples,  law  of,  7. 
Muriate  ofbarytes,  55. 

Cinchonia,  318,  319. 

Morphia,  321. 

Quinine,  317. 
Muriatic  acid,  52. 
Mustard,  volatile  oil,  225. 
Mycose,  242. 
Myosin,  340. 
Myrhane,  oil  of ,  215. 
Myricyl  hydrate,  229. 

Palmitate,  299. 
Myristate,  hydrogen,  260. 
Myristic  acid,  260. 
Myristica  officinalis,  221. 
Myristicae  oleum,  221. 

Expressum,  221,  260. 
Myristicin,  221. 
Myristin,  221,  260. 
Myrosin,  225. 

N. 

Naphtha,  wood,  224* 
Naphthalene,  216. 
Naphthalic  acid,  281. 
Narceine  (Narceia),  320,  322. 
Narcotine  (Narcotia),  320,  322. 
Nascent  hydrogen,  30. 
Natal  aloes,  337. 
Nataloin,  337. 
Natrium,  3. 
Natron,  143. 
Nectandra  Rodioei,  325. 
Nessler's  solution,  75. 
Neutral  salts,  17. 
Ngai  camphor,  219. 


Nickel,  43. 

AUoy,  43. 

Nickelous,  15. 

Properties,  43. 

Purification,  43. 

Salts,  43. 
Nickelous  chloride,  61. 

Hydrate,  96. 

Hydroxide,  96. 

Sulphide,  114. 
Nicotiana  Tabacum,  315. 
Nicotine  (Nicotia),  315. 
Nitrate,  ammonium,  163,  169. 

Argent-ammonium,  171. 

Ai^entic,  170. 

Barium,  172. 

Bismuthous,  174. 

Bismuthyl,  174. 

Calcium,  171. 

Cobaltous,  173. 

Copper,  1J2. 

Cupric,  172. 

Ethyl,  296, 

Ferric,  173. 

Hydrogen,  167. 

Iron,  173. 

Zead,  174. 

Zime,  171. 

Mercuric,  172. 

Merciirous,  172. 

Peroxide  0/ iron,  173. 

Plumbic,  174. 

Potassium,  169. 

Silver,  170. 

Soda,  169. 

Sodium,  169. 

Strontium,  172. 

Urea,  311. 
Nitrates,  16. 

Metallic,  169-174. 
Nitre,  169, 

Cubic,  169. 

Purified,  170. 
Nitric  acid,  167. 

Action  on  metals,  168. 

Anhydrous,  167. 

Characters,  167. 

Preparation,  167. 

Specific  gravity,  168. 

Stain,  168. 
Nitric  anhydride,  163, 167. 

jEther,  296. 

Oxide,  164, 

Conversion  into  ammonii, 
165. 
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Nitric  oxide,  decomposition^  165. 
Preparation,  164. 
Peroxide,  166. 

Bertheldt's  researches,  167. 
Nitril,  3 10. 

Ethenyl,  327. 
NiirUsj  177, 327. 
Nitrite^  ammonia^  165. 
Ammonium,  165. 
Amy],  298. 
Aigentic,  166. 
Copper ^  166. 
Cupric,  166. 
Ethyl,  294. 
Potassium,  165. 

Cobaltous,  166. 
Silv^^  166. 
Nitrites,  16,  165. 

„      (in  water),  166. 
Nitro-benzene,  215. 
Aniline  test,  215. 
Commercial  value^  215. 
Quantitative  estimation,  215. 
Nitrcienxol^  215. 
Nitrocellulose,  238. 
mtrogoiy  3,  4,  8,  160-184. 
Atomicity,  161. 
Characters,  t6i. 
Combinations,  161. 
Discovery,  160. 
Experiments,  5. 
Liquefaction,  161. 
Preparation,  5. 

Various,  160,  161. 
Presenceinatmosphere,  161. 
Binoxtde,  164. 
Bromide,  175. 
Chloride,  175. 
Dioxidt^  164. 
Deutoxide^  164. 
Iodide,  175. 
Monoxide^  163. 
Protoxide^  163. 
Trioxide,  165. 
Nitro-glycerin,  233. 
Nitro-hydrochloric  acid,  168. 
Nitroprusside,  sodium,  .182. 
Nitropnissides,  metallic,  182. 
Nitrosyl,  164,  165,  182. 
Nitrous  acid,  165. 

Anhydride,  163,  165. 
Ether,  294. 
Oxide,  163. 

Anaesthetic  (an),  164. 
Characters,  164. 


Nitrous  oxide,  impurities,  164. 

Preparation,  163. 
Nitryl,  167. 
Non-drying  oils,  300. 
Non-metallic  compounds  of  hyc 

gen,  31. 
Nordhausen  sulphuric  acid,  131,  i^ 
Normal  iyanatesy  182. 
Nux  vomica  alkaloids,  323. 

O. 
Occlusion,  30.   . 
Ochre  (various),  346. 
(Enanthic  acidj  260. 

Ether,  260. 
Oil  of  bitter  almonds,  225,  306. 

Essential^  of  tartar,  271. 

of  Graifiy  228. 

of  Mustard,  volatile,  225. 

of  Myrbane^  215. 

of  Soap,  262. 

of  Vitriol,  120. 

of  Wine,  292. 
Oils,  drying,  300. 

Non-diying,  300. 

Paraffin,    density  and   flashE 
point,  350. 
Oleate,  ammonia,  262. 

Ammonium,  262. 

Calcium,  263. 

Glyceryl,  299. 

Hydrogen,  262. 

Lead,  263. 

Lime,  263. 

Plumbic,  263. 

Potash,  J263. 

Potassium,  263. 

Soda,  262. 

Sodium,  262. 
Oleates,  16,  262. 
Olefiantgas,  51,  138,  212. 
Olefines,  212. 

Compounds,  213. 

List  of  normal,  213. 

Preparation,  212. 
Oleic  acid,  262. 

Characters,  262. 
Preparation,  262. 
Pseudo  salts,  262. 

Potash  soap^  263. 
Olein^  299,  300. 
Oleum  anethi,  219. 

Anisi,  219. 

Anthemidis,  219. 

Cajeputi,  219. 
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Oleum  carui,  220. 
Caryophylli,  220. 
Cinnamomi,  220. 
Copaibae,  220. 
Coriandri,  220. 
Cubebae,  220. 
Juniperi,  221. 
Lavandulae,  221. 
Limonis,  221. 
Menthae  piperitae,  221. 

Viridis,  221. 
Myristicae,  221. 

Expressuniy  221,  260. 
Phosphoratum,  186. 
Pimentae,  221. 
Rosmarini,  221. 
Rutae,  221. 
Sabinae,  221. 
Terebinthinae,  217. 

Decomposition,  217. 

Rectified  spirit,  217. 

Solubility,  218. 

Sources,  217. 

Use  in  sp.  gr.,  218. 

Varieties,  217. 
Olivenite,  204. 

Opal,  157. 

Opianine,  322. 

Opium  alkaloids,  320-322. 

Persian,  322. 
Orangey  chrome,  105. 
Orcein,  344. 
Orchidaceae,  241. 
Orchil,  344. 
Orcin,  344. 
Ore,  chrome-iron,  48,  104. 

Huttenrode,  97. 

Red  zinCy  36. 

Spathicy  41. 
Oreide,  28. 
Orellin,  348. 
Organic  acids,  249-286. 
Organo-metallic  bodies,  210,  308. 
Orpimenty  206,  346. 

Red,  205. 
Orsellenic  acid,  344. 
Orthobqric  add,  155, 
Orthocarbonic  acid,  148. 
Orthophosphates,  191,  192. 
Orthophospharic  <uidy  191. 
Ossein,  185. 

Ous  (termination),  13,  17. 
Ovi  vitellus,  33I9, 
Oxalate,  ammonia,  267. 

Ammonic,  267. 


Oxalate,  ammonium,  267. 
Calcic,  268. 
Calcium,  268. 
Cerium,  268. 
Cerous,  43,  268. 
Ethyl,  298. 
Hydrogen,  265. 

Ammonium,  267. 
Lead,  268. 
Lime,  268. 
Plumbic,  268. 
Soda,  267. 
Sodic,  267. 
Sodium,  267. 
Oxalates,  16,  267. 
Oxalic  acid,  265. 
Characters,  266. 
Preparation,  266. 
Reactions,  267. 
Salts,  267. 
Sources,  265. 
Use  in  analysis,  266. 
Oxalis  (species),  268. 
Oxamicacid,  311. 
Oxamide,  310,  311. 
Oxide,  aluminium,  93. 
Antimonic,  102. 
Antimonioso-antimonic,  102. 
Antimonious,  102. 
Antimony,  102. 

Argentic,  87. 

Barium,  89. 

Bisifiuth,  hydrated,  10 1. 

Bismuthic,  102. 

Bismuthous,  10 1. 

Calcium,  88. 

Carbonic,  139. 

Carbonous,  139. 

Chloric,  63. 

Chlorous,  65. 

Chromic,  102,  103. 

Chromoso-chromic,  102,  103. 

Chromous,  102,  103. 

Cupric,  92. 

Cuprous,  91. 

Ethyl,  291,  292. 

Ferric,  98. 

Analysis,  18. 

Ferroso-ferric,  98. 

Iron,  magnetic,  98. 

Lead,  puce,  100. 

Lithium,  85. 

Magnesium,  90. 

Manganic,  94. 

Manganoso-manganic,  94. 
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Oxide,  manganous,  94. 
Mercuric,  79,  92. 
Mercurous,  92. 
Methyl,  291,  292. 
Nitric,  163,  164. 
Nitrous,  163. 
Perchloric,  63,  65. 
Periodic,  76. 
Plumbic,  100. 
Potassium,  87. 
Sodium,  87. 
Stannicf,  99. 
Stannous,  99. 
Strontium,  89. 
Telluric,  159. 
Tellurous,  159. 
Zinc,  91. 
Oxides,  16,  82. 
Definition,  83. 
Manganese,  94. 
Oxy-acetate,  cupric,  256. 

Plumbic,  257. 
Oxyarsenite,  ferric,  201. 
Oxybenzoic  dddy  283. 
Oxycarbonate,  bismuth,  153. 
Magnesium,  150. 
Plumbic,  151. 
Zinc,  151. 
Oxychloride,  carbon^  1 54. 
Phosphorous,  188. 
Sulphur y  133. 
Sulphur iCy  134. 
Oxychlorides,  53. 
Oxygen,  3,  8,  79-81. 

Experiments,  3,  4. 
Liquefaction,  80. 
Preparation    (various    me- 
thods), 3,  79,  80,  81. 
Sources,  79. 

Weight  of  one  litre,  79. 
Compounds  with  bromine,   70. 
Chlorine,  63. 
Iodine,  76. 

Phosphorus,  189-196. 
Simple    basylous    radicals, 

79-105- 
Oxygenated     hydrocarbon     radicals 

((tcid\  210. 

Radicals,  250. 

Watery  84. 
Oxyhydrates,  ferric,  97. 
Oxyhydrogen  blowpipe,  81. 
Oxytnuriatic  acidy  50. 
Oxynitrate,  bismuQious,  174. 

Mercuric,  173. 


Oxy  salts,  17. 
Ozone,  81,  160. 

Discovery,  81. 

Oxidizing  powers,  81. 

Tests,  81. 
Ozonized  ethery  84. 
Ozonides,  85. 

P. 

Palladium,  28,  30. 
Palmitate,  cetyl,  299. 

Glyceryl,  299. 

Hydrogen,  260. 

Melissyl,  299. 

Myricyly  299. 
Palmitic  acid,  260. 
Falmitiriy  299,  300. 
Pancreatin,  225,  341. 
Papaverine,  322. 
Papers,  arsenical,  201. 
Papyririy  238. 
Paraconine,  315. 
Paraffin  oils,  density  and  flashing  point, 

350. 
Paraflfiins,  211. 

Derivation  of  name^  212. 

List  of,  212. 
Paramorphine,  320. 
Para-peptoTUy  340. 
Para-saccharose,  241. 
Para-tartaric  acidy  272. 
Parchment,  vegetable,  238. 
Parillin,  336. 
Paris  blue,  344. 

Red,  346. 
Parmelia  Parietina,  346. 
Parrish^ s  chemical  foody  189. 
Passivity,  42,  168. 
Pasteur,  M.  (Fermentation),  226. 
Patent  aluniy  129, 

Starch,  239. 
Paullinia  Sorbilis,  316. 
Paviin,  335. 
Pearlashy  146. 
Pectates,  336. 
Pectin,  241,  335. 
Pelargonate,  hydrogen,  260. 
Pelargonic  acidy  260. 
Pelletier  and    Caventou   (Cinchonia 

muriate),  319. 
Pentads,  12,  15,  16,  46-48. 
Pentathionate,  hydrogen,  119. 
Pentathionic  acid,  116,  119. 
PentoxtdCy  arsenic^  201, 
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Pej^er,  327. 
Pepsin,  226,  341. 

Characters,  342. 

Commercial,  341. 

Preparation,  341. 

B.P.  process,  342. 

Tests,  342. 
Pepsina  porci,  341. 
P^tone,  340,  341. 
Perchlorate,  potassium,  67. 
Perchloric  acid,  63,  67. 

Anhydride,  63. 

Oxide,  S3,  65. 
Perchloride  of  iroHy  60. 
PlaHnum^  61. 
Perchromic  anhydride,  102,  105. 

Chloride,  62. 
Periodates,  78. 
Periodic  acid,  76,  78. 

Anhydride,  76. 

Oxide,  76. 
Perkin,  Mr.  (Aniline),  313. 
Permanganate,  potassium,  80,  95. 

Sodium,  96. 
Permanganic  anhydride,  94,  95. 
Pemitrate  of  iron,  173. 
Peroxide,  baric,  89. 

Barium,  79. 

Calcium,  89. 

Chloric,  63. 

Cupric,  92. 

Hydric,  84. 

Iron,  citrate,  279, 

Moist  hydrated,  96. 

Manganic,  79,  94. 

Nitric,  166. 

Plumbic,  80,  10 1. 
Peroxides  (definition),  82. 
Perphosphate  of  iron,  196. 
Persian  opium,  322. 
Persulphate  of  iron,  131. 

Mercury,  128. 
Petalite,  31. 
Petroleum,  211. 
Pewter,  28,  43. 
Phamuuolite,  204. 
Phenic  acid,  234. 
Phenol,  234. 
Phenols,  234-236. 
Phenyl,  15,  313. 

Hydrate,  234,  235. 

Hydride,  215. 

Hydrogen-sulphate,  301. 

Isocyanide,  327. 

21inc-sulphate,  301. 


Phenylamine,  235,  313. 

Characters,  313. 

Oxidation,  313. 

Production,  313. 
Philosophical  wool,  91. 
Phocinic  acid,  258. 
Phosgene  gas,  154. 
Phosphate  of  ammonia,  193. 

Bismuthous,  196. 

Calcium,  17. 

Tribasic,  194. 

Ferric,  196. 

Hydrogen,  191. 

Iron,  tribasic,  195. 

Ume,  soluble,  194. 

Quinine,  318. 

Soda,  tribasic,  193. 

Tricalcium,  194. 

Triethyl,  297. 

Triferrous,  195. 
Phosphates,  16, 

Ethyl,  297. 
Phosphide,  hydrogen,  187. 
Phosphine,  187. 
Phosphines,  210,  307. 
Phosphite,  hydrogen,  190. 
Phosphites,  ethyl,  298. 
Phospho-molybdate,  ammonium,  196. 
Phosphorescence,  243. 
Phosphori  pilula,  187. 
Phosphoric  acid,  189. 

Anhydride,  160, 189,  190. 
Chloride,  188. 

Acids,  distinctive  characters,  192. 
Phosphorite,  185. 
Phosphorous  acid,  189,  190. 

Anhydride,  189,  190. 

Chloride,  188. 

Iodide,  188. 

Oxychloride,  188. 
FhospboruB,  3,  8,  185-196. 

Amorphous,  186. 

BcUdwifCsy  171. 

Characters,  186. 

Dangers  o^  186. 

Oil,  186. 

Pharmacopceial  preparations,  186 
187. 

Pill,  B.P.,  187. 

Preparation,  185,  186. 

Red,  186. 

Solubility,  186. 

Sources,  185. 

Vapour  density,  11. 

Varieties,  186. 

cc 
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Phosphorus  compounds  with    halo- 
gens, 1 88. 

Hydrogen,  187. 

Oxygen,  189-196. 

Sulphiir,  196. 
Phosphuretted  hydrogen^  187. 
Photometer,  139. 
Phthalate,  calcium,  282. 
Phthalic  acid,  281. 
PhylUxyaniny  345. 
Fkyll(hxanthiny  345. 
Physeter  macrocephalus,  299. 
Physostigmine,  327. 
Picric  acid,  345,  346. 
Pictet,  M.  (Liquefaction  of  gases),  30. 
Pigmentary  bodies,  338-342. 

Substances,  343-348, 
Pigments,  black,  343,  346. 

Blue,  343,  346. 

Brown,  343,  346. 

Green,  345,  346. 

Red,  346. 

Yellow,  346. 
Pilula  fern  iodidi,  76. 

Phosphori,  187. 
Pimentae  oleum,  221. 
Pimpinella  anisum,  219. 
Pink  saucers,  347. 
Pinus  maritima,  217. 
Piperine,  327. 
Plasma^  239. 
Plaster,  lead,  231,  263. 

of  PariSy  124. 
Plastic  sulphur,  107. 
Platinic  chloride,  61. 

Analytical  use,  61. 

Preparation,  61. 
Platimim,  3,  8,  15,  30,  44. 

Absorption  of  gases,  45. 
Black,  45. 
Insolubility,  45. 
Melting  point,  44. 
Preparation,  44. 
Properties,  44. 
Sources,  44. 
Spongy,  44. 

Perchioride  of  61. 

Tetrachloride  of    61. 
Plumbago,  6,  135. 
Plumbi  acetas,  257. 

Iodidi  unguentum,  76. 

lodidum,  76. 

Nitras,  174. 

Subacetas,  257. 

Subacetatis  liquor,  257. 


Plumbi  subacetatis  liquor  dilutus,  258. 
Plumbic  acetate,  257. 

Anhydride,  100. 

Carbonate,  151. 

Chloride,  61. 

Chromate,  105. 

Hydrate,  100. 

Hydrato-carbonate,  151. 

Hydroxide  J  100. 

Iodide,  16,  76. 
Ointment,  76. 
Preparation,  76. 
Properties,  76. 

Nitrate,  174. 

Oleate,  263. , 

Oxalate,  268. 

Oxide,  100. 

Oxy-acetate,  257. 

Oxycarbonate,  151. 

Peroxide,  80,  100,  loi. 

Sulphate,  132. 

Tartrate,  276. 
Plumbous  oxide,  loi. 
Plumbum,  3,  45. 
Polychroite,  331,  346. 
Polygalic  acid,  336. 
Polymeric  bodies,  208. 
Poplar y  241. 
Porcelain,  158. 
Porosity,  2. 
Potassa  caustica,  86. 

Sulphurata,  in. 
Potassae  acetas,  254- 

Bicarbonas,  147. 

Bichromas,  104. 

Carbonas,  146. 

Citras,  278. 

Liquor,  86,  313. 

Permanganas,  95. 

Sulphas,  123. 

Tartras,  274. 
Acida,  274. 
Potash^acid  tartrate^  274- 

Binoxaiaie,  268. 

Bisulphateof  124- 

Bitarirate,  274. 

Crude,  146. 

Hydrated  oxide,  86. 

Oleate,  263. 

Sesquicarbonate,  147. 

Subcarbonate,  146. 

Sulphate  of  123. 
Potassic  tartrate,  274. 
Potassii  bromidum,  70.  [261. 

Iodidi  cum  sapone  linimentimi. 
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Fotassta-iran  aluniy  i^i. 
Tartrate  of  iron,  276. 

Potassium,  3>  S,  9»  iS>  32- ' 

Action  on  water,  32. 

Compounds,  32. 

Preparation  of,  32. 
Acetate,  254. 
Acid  carbonate,  147. 

Sulphate, 
Alum,  129. 

Anhydrosulphate,  124. 
Antimonyl  tartrate,  276. 
Benzoate,  282. 
Bromide,  70. 
Carbonate,  146. 

Characters,  146., 

Neutralization,  146. 

Preparation,  146. 

Sources,  146. 

Tests,  146. 
Chlorate,  23,  66,  80. 
Chloride,  54. 
Chromate,  104. 
Citrate,  278. 
Cob^tous  nitrite,  166. 
Cyanide,  178, 

Photographic  use,  178. 
Bichromate,  80,  104. 
Dioxalate,  268. 
Ferricyanide,  181. 

Preparation,  181. 

Reactions,  181. 
Ferrocyanide,  179. 

Preparation,  179. 

Process,  new,  179. 

Reactions,  179,  180. 
Ferrous  ferrocyanide,  180. 
Formate,  140. 
Hydrate,  32,  86. 

Preparation,  86. 

Purification  from  aluminium, 
87. 

Specific  gravity,  86. 
Hydrogen  carbonate,  147. 
Characters,  147. 
Decomposition,  147. 
Medical  use,  147. 
Neutralization,  147. 
Preparation,  147. 

Sulphate,  124. 

Tartrate,  274. 
Hydroxide,  86. 

Hypophosphite,  189. 
lodate,  77. 

Preparation,  77. 


Potassium  lodate,  test  for  starch,  77. 

Sulphurous  acid,  77. 
Iodide,  16,  73. 

Decomposition,  74. 
Preparation,  73. 
Properties,  74. 
Manganate,  95. 
Metantimoniate,.  102. 
Myronate,  225. 
Nitrate,  169. 

Artificial,  170. 
Preparation,  170. 
Sources,  169. 
Use  in  gunpowder,  1 70. 
Nitrite,  165. 
Oleate,  263. 
Oxides,  87. 
Perchlorate,  67.. 
Permanganate,  80,  95. 
Analytical  use,  95. 
Preparation,  95. 
Pyrogallate,  286. 
Quackoxalate,  265,  268. 
Sodium  tartrate,  275. 
Sulphate,  17,  123. 
Sulphide,  iii. 

Decomposition,  112. 
Preparation,  iii. 
Properties,  112. 
Sulphacyanate,  184. 
Tartrate,  274. 
Tetroxalate,  268. 
Thiocyanate,  184. 
Powder  of  aigaroth,  62. 

Bleaching,  64. 
Precipitated  chalk,  148. 
Prepared  calamine,  151. 

Chalk,  148. 
Primary  amines,  312. . 

"Monamides,  309,  310. 
Printing  ink,  343. 
Process,  ammonia  (Sodium),  32. 
Bessemer  (Steel),  41. 
Deacon  (Chlorine),  50. 
Hubbock  (Zinc),  91. 
Leblanc  (HCl),  32,  53. 

(Soda),  143. 
Macqueen  (Chlorine),  51. 
Weldon  (Chlorine),  50. 
Proof  spirit,  227. 

Origin  of  name,  227. 
Propene  chloride,  289. 
Propenyl  alcohol^  231. 
Propine,  214. 
Propionate,  hydiogeiv  ^ 
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Propionate.  line,  jo3. 

Pyroxylin,  238. 

Propionic  acid,  258, 

Q. 

Fropimitrii,  258. 

Proportions,  reciprocal,  law  of,  7. 

Quadroxalale,  polassitmi,  1^%,' 

Propyl carbutol,  228. 

Quartz,  157. 

Propylamine,  313. 

Quantitative  law,  7. 

Propylene  alcohol,  23 1 . 

Quanti valence,  ii. 

Hydrate,  131. 

Quercilrin,  346. 

PropyUnic  alcohol,  231. 

Quercus  tinctoria,  346. 

Protein,  340. 

Quicklime,  89. 

Pratolactate  of  irsn,  165. 

Protopine,  322. 

Quiniae  sulphas,  317. 

Protosulpkaleofiron,  J30. 

Quinicine,  319. 

Protoxiik  0/ ttilregeM,  163. 

Quinidia,  319. 

7I«,  99. 

Quinidine,  319. 

Prunus  Laurocerasus,  176. 

Quinine  (Quinia).  316. 

Prussian  blue,  180,  343. 

Preparation.  316, 

Prussialeofpotas/i.red,  181. 

Reactions,  316, 

yc/toc,  179. 

Solubility,  316. 

Prussicacid,  176. 

Sources,  316. 

&A«;^x,  177- 

Disuiphaie,  3,1-1. 

Pseudoraorphia,  322. 

Hydrothlorate,  317. 

Pterocarpus  Santalinus,  347. 

Hydrosulphate,  317. 

Ptyalin,  225,  341. 

Hypophosphite,  318. 

Puce  oxide  0/ hid.  100. 

LacUte,3i8. 

7^^rf/iV(''«"')-4i- 

Muriate,  317. 

Pulpa  colocynlhidis,  334- 

Phosphate,  31S. 

Punica  Granatum,  233- 

Sulphate,  317. 

Purple  of  Cassius,  346. 

Characters,  31;. 

PuriMirin,  347. 

Preparation,  317. 

Purree,  346.                      . 

Solubility,  3.7. 

Fully  pou'der,  99. 

Qiiinones,  217. 

Pyrites,  (opp^r,  iiz,  114- 

Iron,  41,  106,  114. 

R. 

Magnetic,  114- 

Yellow  iron,  114- 

Racemicadd,  272. 

PjToarseniates,  16. 

Radical,  acidulous  (defioidl 

Pyroarsenites,  200. 

Basylous  (definition), 

Pyrogallaie,  aminionium,  286. 

Oxygenated,  250. 

Argentic,  286. 

Radicals,  14. 

Calcium,  286. 

Acidulous,  16. 

Ferric,  286, 

Basylous,  15. 

Ferrous,  286. 

Compound,  14, 

Hydrogen,  a86. 

Electro-negative,  16. 

Potassium,  286. 

Electro-positive,  15. 

Pyrogallic  acid,  286.  ' 

Hydrocarbon  (acid),  t>j 

Pyroligneous  acid,  251,  252. 

210. 

spirit,  224. 

Basylous,  aoS, 

Pyrolusite,  40,  94. 

Simple,  14. 

Pyrophorus,  276. 

Unsaturated,  20S. 

Pyrophosphate,  hydrogen,  19a. 

Rape,  252. 

Pyrophosphates,  192. 

Raphides,  268. 

Pyrophosphorie  acid,  191,  191, 

Rational  foraiulse,  18. 

Pyrosulphate,  hydrogen,  133. 

Pyroxylic  spirit,  224. 

Potassium  fenocyaoi< 
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RecUgar^  205. 

Reciprocal  proportions,  law  of,  7.  ' 

Rectification,  226. 

Rectified  spirit,  B.P.,  227. 

Spirit  of  winij  226. 
Red  acetate  of  irofty  256. 

Chinese,  346. 

CrocuSy  98. 

Lead,  79,  93,  100. 

Litmus  paper,  344. 

Orpimenty  205. 

Paris,  346. 

Phosphorus^  186. 

Pigments,  346. 

Frussiate  ^ potashy  181. 

Sandal-wood,  347. 
,      Sulphide  of  arsenic^  205. 

Zinc  orcy  36. 
Reinch's  arsenic  test,  199. 
Replaceable  hydrogen,  14. 
Reseda  luteola,  346. 
Resin,  guaiacum,  test  for,  334. 

Jalap,  test  for,  334. 
Resina,  217. 

Jalapae,  334. 

Scammonise,  334. 
Rhamni  succus,  329,  34*5. 
Rhanmus  catharticus,  345. 

Frangula,  346. 

Infectorius,  346. 
Rhoeadine,  322. 
Rhoeados  petala,  347. 
Rhus  cotinus,  346. 
RicinbUifiy  300. 
Roccella  orcina,  344, 
Roche  aluMy  132. 
Rochelle  salty  275. 
Rodileder  (Aloes),  336. 
Rock  crystaly  157. 

Salty  s^ 
Roll  sulphur,  106. 
Root  calumba,  327. 
Rosae  caninas  fiructus,  245. 

Gallicae  petala,  347. 
RosanilifUy  314. 
Ros^s  metaly  43. 
RoseitUy  314. 
Rosmarini  oleum,  221. 
Rosmarinus  officinalis,  221. 
RougtyjetvelUr^y  98. 

Vkgktaly  347. 
Rubia  tinctoria,  347. 
RubioHy  347. 
Rumex  acetosa,  265. 

Acetosella,  265. 


Rust,  iron,  97. 
Ruta  graveolens,  221. 
Rutae  oleum,  221. 
Rutate,  hydrogen,  260. 
Rutic  acid,  260. 

S.  . 

Sabadilla,  285. 
Sabinse  oleum,  221. 
SaccharideSy  328. 
Saccharine  fermentation,  225. 
SaccharogenSy  328. 
Saccharose,  241,  242. 
Saccharoses,  237,  241. 
Saccharum  officinarum,  242. 

Lactis,  244. 

Purificatum,  242,  243. 

Satumi,  257. 

Ustum,  243. 
Saffron  of  antimony y  115. 
Saffronin,  346. 
ScU  ammoniaCy  54. 
Sal  polychresty  123. 
Salicin,  330. 

Characters,  330. 

Preparation,  330. 

Reactions,  330. 

Sources,  330. 
Salicosyl  hydridcy  330. 
Salicylate,  hydrogen,  283. 
Salicylic  add,  283,  330. 
Salicylol,  330. 
Salicylous  acid,  330.   , 
Saligeniny  330. 
Salix,  330. 
Salt  cakCy  123. 

Commony  54. 

Everett y  176. 

Glauber y  123. 

Magnesium,  329. 

RochellCy  275. 

of  Sorrely  265,  268. 
SaltpetrCy  169. 
Salts,  acid,  17. 

Antimonic,  47. 

Antimonious,  47. 

Basic,  17. 

Cupric,  38. 

Cuprous,  38. 

Formulation  of,  15. 

Isomorphous,  122. 

of  LemoHy  268. 

Mercurici  13. 

MercurouSi  13. 
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Salts,  neutral,  17. 

Stannic,  43. 

Stannous,  43. 

of  Tartar y  146. 
Sand,  157. 

Sandal-wood,  red,  347. 
Sansom,  Dr.  (Sulphocarbolates),  301. 
Santalin,  347. 
Santonin,  333. 

Characters,  333. 

Preparation,  333. 
Santoninum,  333. 
Santoniretiriy  333. 
Sap-green,  346. 
Sapindaceae,  316. 
Sapo  animalis,  261,  300. 

Durus,  262. 

Mollis,  263. 
Saponaria  officinalis,  336. 
Saponification,  300. 
Saponin,  336. 
Saponis  linimentum,  263. 
Sarco-lactic  cuidy  265. 
Saturnine  extract^  257. 
SauritCy  152. 
Saxony  blue,  343,  344. 
Scale  preparations,  97. 
Scammonise  resina,  334. 
Scammonin,  test  for,  334. 
Scammonium,  334. 
Schacht,  Mr.  (Bismuth  test),  10 1. 
Scheele's  green,  91,  200. 

Prussic  acid,  177. 
Schiflf,  Herr  (Conia),  315. 
Schweinfurth  green,  201,  256,  345. 
Scoparium,  316. 
Secondary  amines,  312. 

Monamides,  309,  310. 
Sel  de  sdgnette,  275. 
Selenates,  soluble,  159. 
Selenic  acid,  159. 
Selenious  anhydride,  158. 
Selenites,  soluble,  159. 
Seleniuretted  hydrogen,  159. 
Selenium,  158. 

Allotropic,  158. 

Atomicity,  158. 

Combinations,  158. 

Preparation,  158. 

Reactions,  159. 

Sources,  158. 
Senna,  Alexandbrina,  329. 

Indica,  329. 
Sennas  infiisum  comp.,  329. 
Series,  homologous,  157. 


Sesquicarbonate  of  ammonia^  142. 

Potash^  147. 

Soda,  145. 
Sesquioxiik  of  aluminium,  93. 

Chromium  sulphate,  132. 

Lead,  loi. 

Stannic,  99. 
Sesquioxides  (definition),  83. 
Sevres  china  (cobalt),  42. 
Silica,  157. 

Combinations,  157. 

Estimation,  157. 

Sources,  157. 
Silicate,  ethyX  298. 

Sodium,  i57> 
Silicates,  16. 
Silicic  acid,  anhydrous,  157. 

Anhydride,  157. 
Siiico-Jluoric  acid,  156. 
Silico-fluoride,  hydrogen,  156. 

Sodium,  157. 
Silicon,  156. 

Fluoride,  156. 
Single  decomposition,  20. 
Silver,  3,  8,  15,  28,  33. 

Acetate,  255. 

Ammonio-nitrate,  87,  171. 

Antimonide,  47. 

Arseniate,  204. 

Bromide,  70. 

Chloride,  54. 

Fulminating^  87. 

German,  37,  43. 

Glance,  112. 

Lactate,  265. 

Nitrite,  166. 

Sulphate,  124. 
Simple  ethers,  291-293. 

Radicals,  14. 
Slaked  lime,  88. 
Slaking,  88. 
Smilacin,  336. 
Soap,  oil,  262. 

Oleic  potash,  263. 

Soft,  263. 

White  curd,  261. 
Soapstone,  36. 
Soap-wort,  336. 
Socaloin,  336,  337. 
Socotrine  aloes,  336. 
Soda,  143. 

Biborate,  155. 

Bicarbonate,  144. 

Bisulphate,  123. 

Bitartrate,  274, 
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SotUiy  black  bally  144. 
Causdca,  86. 
Chlorata,  63,  64. 
ChlorinaUdy  64. 
Hydraied;  Zd. 
Hyposulphite y  118. 
OUaUy  262. 
Oxalate,  267. 
Sesquicarbanate,  145. 
Subcarbonate,  143. 
Sulphate,  123. 
Tartarata,  275. 
Tartrate,  274. 
Tribasic  phosphate,  193. 
Wax/f,  118. 
Sodae  acetas,  254. 
Arsenias,  203. 
Arseniatis  liquor,  204* 
Bicarbonas,  145. 
Carbonas,  143,  144. 

Exsiccata,  144. 
Chloratae  liquor,  64. 
Citras,  278. 

Citro-tartras,  effervescens,  278. 
Liquor,  86. 
Phosphas,  193,  195. 
Potassio-tartras,  275. 
Sulphas,  123.^ 
Valerianas,  259. 
Sodic  oxalate,  267. 
Sodiiun,3,  8,  9,  15,  32. 

Action  on  water,  32. 

Extraction,  32. 

Ammonia  process,  32. 
Leblanc's  process,  32. 

Properties,  32. 
Acetate,  254. 
Add  carbonate,  144. 

Sulphate,  123. 
Bicarbonate,  144. 
Carbonate,  143. 

Commercial,  144. 

Neutralization,  •144. 

Preparation,  143. 

Leblanc's  process,  143. 

Purification,  144. 

Sources,  143. 
Chloride,  54. 

Decrepitation,  54. 

Solubility,  54, 
Citrate,  278. 
Dimetaborate,  155. 
Hydrate,  86. 
Hydrogen  carbonate,  144. 

Phosphate,  193. 


Sodium,  hydrogen  sulphate,  123. 
Tartrate,  274. 

Hydroxide,  86. 

H3rpophosphite,  189. 

Iodide,  73. 

Manganate,  95. 

Metantimoniate,  102. 

Metasulpharsenite,  206. 

Methide,  308. 

Nitrate,  169. 

Nitroprusside,  182. 

Oleate,  262. 

Oxalate,  267. 

Oxides,  87. 

Permanganate,  96. 

Silicate,  157. 

Silico-fluoride,  157. 

Sulphate,  123. 

Tartrate,  274. 

Thiosulphate,  118. 
Solution,  118. 

Valerianate,  259. 
Soft  soap,  263. 
Solanine,  327. 
Solanum  dulcamara,  327. 
Solder,  gold,  40. 

Hard,  28. 

Soft,  28. 
Soluble  bone  earth,  194. 

Glass,  157. 

Phosphate  of  lime,  194. 
Solution,  9. 

Albumen,  338. 

Argentic  nitrate,  171. 

Fehling's,  91,  247. 

Fowler's,  200. 

Indigo  sulphate,  345. 

Iodine,  volumetric,  200. 

Nessler's,  75. 

Sulphate  of  lime,  124. 

Tartaric  acid,  272. 
Soot,  5. 
Sorbin,  245. 
Sorrel,  salt  of,  265,  268. 
Spar,  Derbyshire,  49. 

Fluor,  49. 
Sparkes,  John  (Porcelain),  158. 
Sparteine  (Sparteia),  316. 
Spathic  ore,  41. 

Iron  ore,  152. 
Specific  gravity,  10. 

Heat,  8. 
Speculum  metal,  28,  44. 
Spiegd-dsm,  41. 
Spiraea,  330. 


Swrax,  116. 

Methylated,  334. 

Aleohal,  336. 

cf  Nitre,  167. 

Strtmtia,  89. 

Proof,  3  a  7. 

Stmntianile,  35,  150,  17*. 

Pyroligncous,  124. 

Strontitim,  34. 

I^oxylic,  224. 

Carbonate,  149. 

Rectified,  B.P.,  aaj. 

Hydrate,  89. 

oJSaU,  52. 

Hydroxide,  89. 

Turpentine,  rectified,  217. 

Nitrate,  35,  172.    * 

of  Wifu,  225. 

Oxide.  89. 

JfW,  224. 

Sulphate,  125. 

Spintns  ammoniee  aroitiaticus,  141. 

Strychnine  (Strychnia),  323. 

Etheris  nitrosi,  294,  195. 

Double  salts.  323. 

Mindereri,  254. 

Preparation,  313. 

Rectificatus,  226. 

Reactions,  313. 

Tenuior,  227. 

Acid  sulphate,  313. 

Vini  Gallici,  mistura,  339. 

Chloromercurate.  323. 

Volatilis  comu  cervi,  85. 

Hydrochlorate,  323. 

Sf>littinsuJ>,  20. 

Sulphate,  323. 

Spongy  platinum,  44. 

Stiychnos  nux  vomica,  323, 

Squire,  Mr.  (Anarwtine),  322. 

Styracin,  306. 

Stannic  acid,  99. 

Styrax,  281. 

Chloride,  59. 

Praeparatus,  283. 

Oxide,  99. 

Salts,  43- 

Sub  salts,  17. 

Sesquioxide,  99. 

Sub-acetate  of  copper,  256. 

Sulphide,  I  r4. 

^^  257. 

Stannous  chloride,  59, 

Sub-earbonate  of  bismutk,  153. 

Hydrate,  99. 

Potash,  146. 

Hydroxide,  99. 

Soda,  143. 

Oxide,  99. 

Sub^aetate  of  meraery,  265. 

Salts,  43- 

Sub-oxide  ef  eepper,  91. 

Sulphide,  114. 

Mercury,  92. 

Stannum,  3,  43. 

Swb-sulpJiate  of  meretrry,  12S. 

Star  anise,  219. 

Sueeinate  of  ammonia,  269. 

Starch,  239. 

Ammonium,  269. 

Characters,  239. 

Ferric,  269. 

Microscopic,  240. 

Hydrogen,  269. 

Palmt,  239. 

Iron,  269. 

Preparation,  239. 

Succinates,  16. 

Reactions,  239. 

Succinic  acid,  269. 

Tests,  239,  240. 

Snccus  rharani,  329,  345. 

Statuary  marble,  148. 

Sucrose,  241-^244. 

Steam,  83. 

Characters,  243. 

Stearate,  glyceryl,  299, 

Estimation,  144. 

Hydrogen,  261. 

Manuracturr,  242. 

Stearic  acid,  *6i. 

Reactions,  243. 

Stearin,  261,  299,  300. 

Refining,  243. 

Stearopten,  317, 

Sources,  242. 

Steel,  41. 

Suffioni,  155. 

Tempering,  42. 

Sugar,  beetroot,  242. 

Stibiated  tartar,  276. 

Candy,  243. 

Stibines,  210,  307. 

Cane,  242. 

Stibium,  3. 

Croein,  33 1. 

Stoneware,  158. 

Fruit,  248. 
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Sugar,  grape,  245. 
Honey,  248. 

Inverted^  244,  247,  248. 
o/Leadj  257. 
of  Milk,  244. 
Sulpharsenite,  ammonium,  206. 
Sulphate,  acid  sodium,  123. 

Strychnine,  323. 
Alumina,  129. 
Aluminium,  129. 

Ammonium,  128. 
Ammonia,  122. 
Ammonium,  i2i. 

Aluminiimi,  122. 

Cupric,  127. 

Ferric,  122. 

Hydrogen,  122. 
Argentic,  124. 
Atropine,  324. 
Barium,  125. 
Beberine,  325. 
Bismuth,  132. 
Bismuthous,  132. 
Calcium,  17,  124* 
Chromic,  132. 
Chromium,  132. 
Cinchonine,  318. 
Copper,  126. 
Cupric,  22,  126. 

Preparation,  126,  127. 
Diammontc,  122. 
Dipotassic,  123. 
Diso4ic,  123. 
Ethyl,  296. 
Ferric,  17,  131. 

Ammonium,  131. 

Potassium,  131. 
Ferrous,  130. 
Jiydric,  120. 
Hydrogen,  120-122. 
Iron,  130. 
Lime,  124. 

Solution,  124. 
Magnesia,  125. 
Magnesium,  125. 
Manganic,  130. 
Mercuric,  22,  128. 
Mercurous,  128. 
Monopotassic,  124. 
Monosodic,  123. 
Plumbic,  132. 
Potash,  123. 
Potassium,  17,  123. 
Acid,  124. 

Chromic,  132. 


Sulphate,  potassium-hydrogen,  124, 

Lead,  132. 

Quinine,  317. 

Silver,  124. 

Sesquioxide  of  chromium,  132. 

Soda,  123. 

Sodium,  123. 

Hydrogen,  1^3. 

Strontium,  125. 

Strychnine,  323, 

Tetr-ammonio  cupric,  127. 
Constitution  of,  127,  128. 

Zinc,  126. 
Sulphates,  15,  16,  122. 

Acid,  vel  hydrogen,  122. 

Metallic,  120-133. 

Neutral,  122. 
Sulphide,  ammonium,  in. 

Antimonic,  116. 

Antimonious,  115. 

Antimony,  golden,  116. 

Argentic,  112. 

Arsenic,  yellow,  206. 

Arsenious,  206,  346. 

Bismuthous,  114. 

Cadmium,  112. 

Cobaltous,  114. 

Cupric,  113. 

Cuprous,  112. 

Ferric,  114. 

Ferrous,  113. 

Di-nitro,  290. 

Hydrogen,  109. 

Manganous,  113. 

Mercuric,  113,  346. 

Mercurous,  113. 

Nickelous,  114. 

Stannic,  114. 

Stannous,  114. 

Zinc,  11^. 
Sulphides,  16,  108. 

Analogy  with  oxides,  108. 

Ethyl,  297. 

Metallic,  109,  116. 
Sulphinic  acids,  297. 
Sulphite,  ethyl,  296. 
Sulphites,  16,  117. 
Sulpho  salts,  108. 
Sulphocarbolate,  zinc,  301. 
Sulphocarbolates,  301. 
Sulphocarbolic  acid,  2 35,  301. 
SuJphocyanate,  amwumium^  183. 

Potassium,  184. 
Sulphocyanic  add^  xSj. 
Sulphocyanidesi  i6. 
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Sulphovinates,  296. 
Sulphovinic  acid,  293,  296. 
Sulphur,  3,  8,  106-134. 
AUotropic,  107. 
Arsenical,  106. 
Plastic,  107. 
Properties,  106. 
Roll,  106. 
Rough,  106. 
Solubility,  107. 
Sources,  106. 
Sublimed,  106. 
Vapour  density  of,  106. 
Bichloride,  133. 
Hypochloride,  133. 
Monochloride,  133. 
OxyMoride^  133. 
Precipitatum  sublimatum,  106. 
Tetrachloride,  133. 
Vivum,  106. 
Sulphur  and  carbon  compounds,  154. 
Sulphur  and  halogen  compounds,  133. 
Sulphur  and  phosphorus  compounds, 

196. 
Sulphuretted  hydrogen,  109. 

BeactionB,  no,  116. 
Sulphuric  acid,  120. 

Characters,  120. 
Combinations,  122. 
Commercial  process,  120. 
Impurities,  121. 
Preparation,  119,  120. 
Properties,  119. 
Piu-ification,  121. 
Reactions,  121. 
Specific  gravity,  120. 
Theory  of  formation,  120. 
Anhydride,  116,  119. 
Anhydro,  133. 
Anhydrous,  119.      -  ^ 
Hydrated,  120. 
Nordhausen^  133. 
Sulphuric  chlorhydrate,  134. 
Ether  {vide  Ether). 
Oxychloride,  134. 
Sulphuryl  chloride,  134. 
Suiphydric  add,  109. 
Sulphydrides,  109. 
Sulphylides,  109. 
Sulphuris  iodidum,  134. 
Characters,  134. 
Preparation,  134. 
Tests,  134. 
Sulphurous  anhydride,  106,  116. 
Liquefactidh,  116. 
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Sulphurous    anhydride,  preparation, 
116. 

Properties,  116. 

Reactions,  117.. 

Specific  gravi^,  117. 
Add,  116,  117. 
Chloride,  133. 
Superphosphate  of  lime^  195. 
Supersaturation,  123. 
Sykes's  hydrometer,  227. 
Symbols,  2,  3,  17. 
Sympathetic  ink,  173. 
Synaptase,  225,  328. 
Synonyms,  49. 
Synthesis,  2. 
Syntonin,  340. 
Syrupus  ferri  iodidi,  76. 

T. 

Table  salt,  54. 
Talc,  36. 
Tallow,  300. 
Tannate,  cupric,  286. 
Tannic  acid,  225,  285. 
Tannin,  285. 
Tannins,  285. 
Tartar  emeticL  276. 

Essential  oil  of ,  271. 

Salts  of  146. 

Stibiated,  276. 
Tartaric  acid,  271. 

Characters,  273. 

Crystals,  272. 

Detection,  272. 

Dextro  (true),  272. 

Laevo,  272. 

Meso  (inactive),  272. 

Para,  272. 

Preparation,  271. 

Reactions,  272. 

Salts,  272,  273. 

Solution,  272. 

Sources,  271. 

Varieties,  272. 
Tartramide,  310. 
Tartrate  of  amtnonia,  273. 

Ammonium,  273.     . 

Antimonic,  276. 

Antimonious,  276. 

Calcium,  275. 

Copper,  275. 

Cupric,  275. 

EUiyl,  298. , 

Ferric  potassium,  276. 


INDEX. 


395 


Tartrate,  hydrogen,  271. 

Lead^  276. 

IJme^  275. 

Plumbic,  276. 

Fotassic,  274. 

Potassium,  274. 

Antimony!,  276. 
Sodium,  275. 

Soda,  274. 

Sodium,  274. 
Tartrates,  16,  272,  273. 
Tartre,  stibi^,  276. 
Telluric  add,  159. 

Oxide,  159. 
Tellurite,  159. 
Telluriimi,  159. 
Tellurous  acid,  159. 

Oxid^  159. 
Tempering  steel,  42. 
Temporary  hardness  (water),  149. 
TerMoride  of  gold,  59.      ^ 
Terebenthene,  217. 

Hydrochlorate,  218. 
Terebinthinae,  oleum,  217. 
Terpenes,  217. 
Terpentin  hydrate,  218, 
Terpin,  218. 

Hydrate,  218. 
Terpinol,  218. 
Tertiary  amines,  312. 

Monamides,  309,  310. 
Tessie  du  Mothay  {Oxygett  continuous 

process),  80. 
Tetr-ammonio  cupric  sulphate,  127. 
Tetr-ammonium  carbonate,  142. 
Neutralization,  142. 
Preparation,  142. 
Purification,  143. 

Sulphate,  cupric,  91. 
Tetrabromethane,  154. 
Tetrabromide,  carbon,  154. 
Tetrachloride,  carbon,  153. 

Iodine,  78. 

Platinum,  61. 

Sulphur,  133. 

Tin,  59. 
Tetrachloroethem,  153. 
Tetrachloromethane,  153. 
Tetrads,  12,  15,  16,  40-45. 
Tetra-iodide  carbon,  154. 
Tetra-iodomethane,  154. 
Tetramines,  314. 
Tetra-potassium  carbonate,  147. 
Tetra-sodium  carbonate,  145. 
Tetrathionate  hydrogen,  119. 


Tetrathionic  acid,  116,  119. 
Tetratomic  acids,  271-281. 
Tetrethyl  ammonium  hydrate,  313. 

Iodide,  313. 
Tetroxalate potassium,  268. 
Tetryl  ^ycoi,  231. 

Hydrate,  228. 
Tetrylene  alcohol,  231. 

Hydrate,  231. 
Thalleiochin,  317. 
Thebaine  (Thebaia),  320,  322. 
Theine  (Theia),  316. 

Estimation,  316. 
Th^nard's  blue,  343. 
Theobromine,  314. 
Thia-alcohol,  297. 
Thiocyanate,  ammonium,  183. 

Ferric,  184. 

Hydrc^en,  183. 

Potassium,  184. 
Thiocyanates,  metdlic,  183. 
Thiocyanic  acid,  183. 
Thionyl  chloride,  133. 
Thiosulphate  hydrogen,  117. 

Sodium,  118. 

Solution,  118. 
Thiosulphates,  16,  117. 
Thiosulphuric  acid,  116,  117. 
Tilden,  Dr.  (Aloin),  337. 

Tin,  3i  8,  9»  43. 

Alloys,  44. 

Atomicity,  43. 

Properties,  44 

Salts,  43. 

Solder,  44. 

Sources,  43. 

Hydrated  oxide,  99. 

Liquor,  59. 

Protoxide  of,  99. 

Stannic,  15. 

Stannous,  15. 

Tetrachloride  of,  59. 

Tinctiura  ferri  acetatis,  256. 

Ferri  perchloridi,  61. 

Tincture,  litmus,  344. 

Tinkal,  155. 

Tinstone,  43. 

Toluene,  216. 

Toluylic  alcohol,  236. 

Torula  cerevisise,  226. 

Tragacantha,  241. 

Trehalose,  241. 

Tri-acetate  iron,  256. 

Triads,  12,  15,  x6, 50^ ' 

Triamides,  3xx. 


396 


INDEX. 


TriamineSy  314. 
Triaigentic  aneniatey  204. 
Trifttooik  akoludi,  131-233. 
Bibasic  adds,  270. 
Tribasic  acicb»  270. 
Tribasu  phosphate  of  cakium^  194.   * 
Irm^  195. 
Soda^  193. 
Triatomic  acida^  27a 
TYicaldum  phosphate,  194. 
Trichlonddehydy  303. 
Trichloride,  carbon,  154. 

Iodine^  78. 
TrichhrinaUi  aldehyde  303. 
Trichlorobutyric  aldehyd,  305. 
Trichlorocrotonic  aldehyd,  305. 
Tricupric  arseniate,  204. 
Tri^thylamine;  312,  313. 
Triethylarsine,  307. 
Triethylphosphate,  297. 
Triethylphosf^ime,  307. 
Triethylsdbine,  307. 
Triferrous  arseniate,  205. 

Phosph^,  195. 
Trimethylamine^  313. 

Triniiro-cdlulost^  238. 
Trioleate,  glyceryl,  30, 

Triolein^  299. 

Trtoxidcj  nitrogen,  165. 

Tripalmitate,  glyceryl,  300. 

Tnpalmitin,  299. 

Triplumbic  tetroxide,  100. 

Tristearate,  glyceryl,  300. 

Tristearin,  299. 

Trisulphide,  ethyl,  297. 

Trithionate,  hydrogen,  119. 

Trithionic  acid,  116,  119. 

Triticum  vulgare,  240, 

Trityl^ycol,  231. 

Trona,  145. 

Twr^/if,  97. 

Turmeric,  rhizome,  346. 

Turnbulfs  blue,  181,  343. 

Turnsole,  344. 

Turpentine,  51. 

Rectified  spirit,  217. 

Turpeth  mineral,  128. 

Tutty powder,  99. 

Type  metal,  28,  45,  47. 

Typical  formulse,  137,  208,  209. 

U. 
Ulmin,  246. 
Ultraoiarine,  243. 
Umney,  Charles  (Acetic  ether),  295. 


Ungaenttun  hydrargyii  nit 
262. 

Plumbi  iodidi,  76. 

Veratziae,  326. 
Urea,  310. 

Prepaiatioii,  3x0. 
Artifida],  311. 
Natural,  310. 
Nitrate,  311. 
Urtica  urens,  251. 

V. 

Valerianate,  amyl,  299. 
Bismuthous,  260. 
Cupric,  259. 
Hydric^  258. 
Hydrogen,  258. 
Soidium,  259. 
Zinc,  259. 
ValerianatM,  16,  258. 
Valerianic  add,  258. 
Vapour  density,  19. 
Arsenic,  11. 
Cadmium,  11. 
Mercury,  11 
^  Phosphorus,  11. 
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I9»    tt     3>   tt   affected  by  dialysis,  read  effected  by  dialysis. 

29,  line  12,  y&r  soluble  in  excess,  r«z</ insoluble  in  excess. 

44,    „     9,   „   NHfi^O^,  read  {NH^)2C^Oi. 

47,    „    12,    „    H,C,H405,  read  H2C4H4O8. 

63,  section  2f*<tfor  hallogens,  read  halogens. 

66,  line  12,  for  HgCy,  read  HgCyj. 

68,  12  from  bottom,  y&r  NH4M0O4,  read  (NH4)2Mo04. 

70,  line  13, /or  NH4M0O4,  read  (NH4)2Mo04. 

71,  „     5,  „    NHCl,  r«i^/ NH4CI. 

77,  9  from  bottom, y&r  Sr  or  K,  read  Sr  or  Ca. 

87,  line  I,  for  red,  read  yellow. 
104,   „   9,  „   hypophosphate,  r«z^  hypophosphite. 
118,  2nd  column,  5  from  bottom, y&r  white  «Ph,  rfli*/ white —tb, 
135,  line  15,7^  alicylate,  read  Salicylate. 
I55t    It    20,   „    -1855  r«j^ -1895. 
168,  lines  15  and  23,^^416  read  ^o. 


tt      tt       tt 


16  and  24,y27r  464  and  512,  read  ^6%  and  516. 


J^^. — Students  are  advised  to  correct  the  above-mentioned  typographical  errors  with 
»en  and  ink  before  commencing  to  read  this  book. 
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CHAPTER  I. 

THE   PROCESSES  EMPLOYED  BY  PRACTICAL 

CHEMISTS. 


It  is  advisable  that  the  student  should  imderstand  the  raison  d'iire  of  the 
chief  processes  he  will  be  called  upon  to  employ,  before  commencing  in 
detail  the  study  of  Analysis. 

I.  SOLUTION. 

This  process  consists  in  stirring  a  solid  body  in  contact  with  a  fluid  imtil 
it  dissolves,  heat  being  occasionally  used.  Bodies  which  refuse  to  dissolve 
in  any  particular  fluid  are  said  to  be  insoluble  in  it ;  the  liquid  used  is  called 
the  solyent,  and  sometimes  the  menstraam ;  a  liquid  having  taken  up  all  the 
solid  matter  possible,  is  said  to  be  saturated*  A  knowledge  of  the  solu- 
bility of  various  substances  in  the  chief  menstrua,  such  as  water,  acids, 
alkalies,  alcohol,  ethet,  chloroform,  and  glycerin,  is  of  the  utmost  importance 
both  to  the  practical  pharmacist  and  the  chemist  By  such  knowledge  we 
are  enabled  to  separate  one  body  from  another ;  and  by  attention  to  minute 
details  it  is  even  possible  to  divorce  bodies  which  are  soluble  in  the  same 
menstruum,  but  ill  different  degrees.  As  an  example  we  shall  suppose  three 
substances,  one  readily  soluble,  one  partially  so,  and  one  but  slightly  soluble, 
in  ether.  By  a  careful  use  of  three  separate  quantities  of  the  liquid  at  dif- 
ferent temperatures,  we  can  obtain  solutions  of  all  three.  This  process  is 
nzmtd  fractional  solution,  and  is  so  frequently  employed  in  the  manipulation  of 
fatty  substances,  that  the  necessity  of  a  thorough  acquaintance  with  the  rela- 
tive solubility  of  bodies  cannot  be  too  strongly  urged.  In  order  to  ascertain 
if  any  substance  be  soluble  in  any  particular  liquid,  it  is  simply  requisite  to  stir 
it  into  the  fluid,  applying  heat  if  necessary.  A  portion  of  the  liquid  is  then 
poured  off,  and  heated  until  it  has  passed  away  in  vapour,  when,  if  any,  of  the 
solid  was  held  in  solution,  it  will  remain  as  a  visible  residue.  As  a  general 
rule,  the  higher  the  temperature  to  which  a  liquid  is  raised,  the  greater 
becomes  its  capacity  for  saturation.  Thus,  one  part  of  common  nitre  will 
require  for  solution  about  four  parts  of  cold  water ;  but  the  same  weight  of  the 
solid  will  dissolve  in  less  than  half  a  part  of  boiling  water.  There  are  many 
exceptions  to  this  rule,  notably  that  of  calcium  oxide,  which  is  less  soluble  in 
boiling  water  than  in  cold.  If  lime-water  be  saturated  at  32^  F.,  it  will,  on 
being  raised  to  2 1 2°,  deposit  about  half  its  lime.  It  would  appear,  indeed, 
that  all  bodies  have  a  particular  temperature  at  which  their  solubility  in  cer- 
tain fluids  attains  its  maximum^  and  that  with  most  substances  such  maximum 
is  over  2 1 2^  Sodium  sulphate,  however,  attains  its  maximum  solubility  in 
water  at  60° ;  but  as  the  temperature  increases,  its  solubility  decreases,  so  that 
at  212^  and  32^  it  is  almost  equal.  Many  bodies,  during  solution,  absorb  so 
much  heat  that  any  substance  placed  in  the  liquid  has  its  temperature  re- 
markably reduced.  Potassium  nitrate  and  ammonium  chloride,  dissolved 
together  in  water,  form  in  this  manner  a  very  efficient  refrigerant  when  snow 
or  ice  are  not  attainable. 
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TL  LIZIVIATION 


Is  the  digestion  of  a  mixture  of  solids  in  a  fluid,  so  as  to. dissolve  the  soluble 
portion.  Its  accomplishment  is  very  simple.  The  solids,  in  the  form  of 
powder,  are  introduced  into  a  vessel,  and  the  water  or  other  liquid  having 
been  added,  the  whole  is  well  stirred.  Remaining  at  rest  until  all  the 
insoluble  matter  has  subsided,  the  clear  fluid,  charged  with  all  that  was 
soluble  in  the  mixture,  is  decanted,  or  poured  oflt  On  the  large  scale,  in 
chemical  works,  the  clear  liquor  is  usually  drawn  off  by  means  of  a.  Bipbon, 
.which  may  be  described  as  a  bent  tube  having  one  limb  longer  than  the  other. 
It  is  filled  with  the  liquid  requiring  removal,  and  the  longer  end  having  been 
closed  by  the  finger  or  a  tap  arranged  on  purpose,  the  shorter  limb  is  plunged 
nearly  to  the  bottom  of  the  clear  fluid  to  be  drawn  off  On  the  lap  being 
opened  or  the  finger  removed,  an  immediate  stream  issues  from  the  longer 
limb,  and  continues  to  flow  until  the  liquid  has  either  been  drained  to  below 
the  level  of  the  shorter  limb,  or  the  fluid  in  the  receptacle  supplied  by  the 
longer  limb  has  attained  the  same  level  as  that  in  the  vessel  which  is  being 
emptied,  \Vhy  this  should  occur  may  be  explained  as  folloivs  : — Tiie  instru- 
ment commences  to  act  by  virtue  of  the  increased  weight  of  fluid  in  the 
longer  limb,  and  once  the  motion  so  begins,  it  is  perpetuated  by  the  force  of 
cobflsion  acting  between  the  particles  of  the  liquid.  This  may  be  familiarly 
illustrated  by  supposing  a  great  weight  of  chain  on  the  deck  of  a  vessel,  and 
when  one  end  is  thrown  out  over  a  roller  fixed  in  the  bulwarks  sufficiently  far 
to  start  the  motion,  the  chain  continues  to  run  out  until  the  whole  is  removed 
from  the  deck,  however  heavy  the  mass  may  have  been. 


Zn.  FRECIPITATIOir 

Is  the  mixing  of  two  substances  in  solution  so  as  to  form  a  third  substance, 
which,  being  insoluble  in  the  fluids  employed,  sinks  to  the  bottom,  and  is 
called  the  precipitate.  The  clear  liquid  which  remains  after  the  precipitste 
has  settled  down,  is  called  the  BupenatKiit  liquid. 

When  precipitates  are  totally  insoluble  in  water,  such  as  barium  sulphate, 
or  argentic  chloride,  the  operation  is  best  conducted  at  a  boiling  heat,  as  the 
high  temperature  causes  the  precipitate  to  aggregate  and  become  more  dense, 
so  that  it  subsides  rapidly,  and  is  less  liable  to  pass  through  the  pores  of  a 
filter.  Other  precipitates,  which  do  not  form  completely  and  instantaneously, 
and  which  are  not  absolutely  insoluble  in  boiling  water,  are  better  treated  bj 
being  allowed  to  digest  for  several  hours  at  a  gentle  heat  Amongst  these 
may  be  noted  calcium  oxalate.  On  the  other  band,  there  are  some  precipi- 
tates which  must  never  be  heated,  but  be  allowed  to  form  slowly  by 
standing  in  the  cold  for  several  hours.  To  this  class  belong  ammoniam- 
ma^esium  phosphate,  and  potassium  acid  tartrate.  When  it  is  desirable  in  ' 
qualitative  analysis  to  cause  such  precipitates  to  form  quickly,  resort  may  be 
had  to  violent  shaking,  or  stirring  with  a  glass  rod,  so  that  it  scrapes  against 
the  sides  of  the  vessel.  Precipitates  are  separated  from  the  i 
liquor  by  one  of  two  methods.     First : — 


17,  BECABTATION, 

Which  consists  in  allowing  the  precipitate  to  settle  to  the  bottom  of  the 
liquid;  pouring  ofi"  the  clear  liquor,  then  pouring  on  distilled  water,  asd 
repeating  the  process  until  the  precipitate  is  Uioroughly  washed.    Second : — 
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V.  FILTRATION, 

Which  consists  in  transferring  the  whole  to  a  piece  of  folded  paper  or  cloth, 
so  that  the  liquid  passes  through,  while  the  precipitate  remains.  This-  may  be 
washed  by  the  addition  of  distilled  water.  The  liquor  which  has  thus  passed 
through  the  filter  is  called  the  filtrate.  The  process  of  precipitation  is  pro- 
bably one  of  the  most  common  with  which  the  practical  pharmacist  meets  in 
manufacturing  the  various  chemicals  in  which  he  de^ls,  or  that  he  is  called 
upon  to  analyze ;  and  a  knowledge  of  the  exact  quantities  of  the  substances 
necessary  to  produce  a  given  weight  of  precipitate  desired,  or,  conversely,  the 
weight  of  precipitate  which  a  given  quantity  of  any  two  substances  will  pro- 
duce, is  of  the  highest  importance.  Full  instructions  for  such  calculations  are 
found  in  Chap.  I.,  Part  I. 

TL  THE  MEASUREMENT  OF  HEAT. 

The  ordinary  thermometer  for  measuring  heat  is  a  graduated  vacuous  glass 
tube  containing  mercury.  It  is  thus  constructed : — A  tube  of  glass  about  a 
foot  long,  having  a  small  and  uniform  bore,  is  selected,  and  one  end  is,  by 
the  aid  of  the  blowpipe,  closed  and  expai)ded  into  a  bulb.  This  is  cautiously 
heated  in  order  to  drive  out  a  portion  of  the  air,  when  the  open  end  of  the 
tube  is  immediately  dipped  into  a  cup  of  mercury,  some  of  which  rises  into 
the  bulb  as  the  latter  cools.  Once  more  applying  heat,  the  mercury  is  made 
to  boil,  and  the  remaining,  air  is  replaced  by  mercurial  vapour.  Again  the 
open  end  is  plunged  in  the  vessel  of  mercury,  and  on  cooling  more  mercury 
is  sucked  up.  This  operation  is  repeated  until  a  sufficient  quantity  of  mercury 
has  been  got  into  the  tube,  so  that  it  fills  the  bulb,  and  stands,  when  cold,  a 
few  inches  up  the  tube.  The  working  part  of  the  instrument  is  now  nearly 
complete,  and  it  only  requires  hermetically  sealing  to  be  finished.  To  ac- 
comp^sh  this,  the  open  end  of  the  tube  is  carefully  heated,  and  a  part  of  it 
drawn  out,  so  that  its  diameter  is  reduced  to  about  one-tenth ;  the  bulb  is 
then  heated  until  the  metallic  column  rises  above  this  reduced  bore,  when  the 
application  of  the  blowpipe  flame  fuses  and  closes  the  tube,  and  the  mercury 
on  cooling  sinks  back  to  its  original  level,  leaving  a  vacuum  in  the  uppef 
part  of  the  tube.  The  instrument  is  now  ready  for  graduation,  which  is  done 
by  first  plunging  the  bulb  into  boiling  water  or  exposing  it  to  the  steam 
arising  Uierefrom,  when  the  point  reached  by  the  mercury  after  repeated 
experiments  is  noted,  and  a  scratch  made  with  a  diamond  or  file.  The  same 
operation  is  then  pursued  with  melting  ice,  and  the  point  at  which  the  mer- 
cury ceases  to  sink  is  noted,  and  marked  as  before.  Thus,  two  exact  and  un- 
doubted indications  of  heat  extremes,  namely,  the  freezing  and  boiling  points 
of  water,  being  secured  and  marked,  the  subdivision  of  the  scale  into  degrees 
and  fractions  is  easily  managed. 

There  are  three  systems  on  which  this  maybe  carried  out : — (i)  Fahrenheit, 
by  which  the  distance  between  the  two  fixed  points  is  measured  off  and  care- 
fuUy  divided  into  180  equal  degrees.  (2)  Celrins,  or  centigrade,  by  which 
the  same  distance  is  divided  into  100  degrees.  And  (3)  Riamnnr,  by  which 
the  distance  is  divided  into  80  degrees.  It  is  important  for  the  purposes  of 
calculation  to  remember  that  the  space  occupied  by  180  F.  degrees  is  exactly 
the  same  as  that  covered  by  100  C.  and  80  R.  respectively;  or,  taking  the 
simplest  arithmetical  ratio,  we  have  9  degrees  F.  being  exactly  as  long  as 
5  C.  and  4  R.  Having  thus  obtained  the  value  of  a  degree,  it  is  evident  a 
scale  may  be  made  of  any  length;  but  it  is  of  course  needless  to  go  lower 
thxm  the  freezing,  or  higher  than  the  boiling,  point  of  mercury,  as  it  is  only 
between  these  two  extremes  that  a  mercurial  thermometer  would  be  of  any 
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use.    The  following  shows  the  extreme  possible  scale  that  can  be  put  on  such 
instruments  by  each  system : — 

Fahrenheit.  Celsius.  R&iumur. 


Mercury  boils 


Water  boils. 


Water  freezes 


Mercury  freezes 


662. 


212. 


32 
0.. 


-40 


350- 


100. 


o 

-177 


-40. 


2S0 


80 


-14*2 

-32 


In  attaching  the  scales,  the  F.  one  is  placed  with  32  opposite  the  water- 
freezing  scratch,  and  then,  if  the  scale  be  correctly  made,  212°  will  coincide 
with  the  boiling  scratch ;  but  in  the  cases  of  C.  and  R-,  the  zeros  are  placed  at 
the  freezing  point,  and  the  boiling  points  then  coincide  with  100°  C.  and 
80°  R.  respectively. 

It  is  to  be  deplored  that  the  chemists  of  all  countries  have  not  decided  on 
the  universal  emplo}Tnent  of  one  style  of  graduation  for  thermometers,  as  such 
an  agreement  between  them  would  tend  to  vastly  simplify  calculations,  or  at 
least  to  diminish  their  extent.  Fortunately,  however,  the  change  from  one 
scale  to  another  is  not  very  difficult ;  and  as  it  is  of  importance  to  be  able  to 
translate  the  indications  of  any  thermometer  into  the  scale  of  the  one  in  use, 
the  following  directions  are  offered. 

1.  To  convert  degrees  of  Centigrade  into  degrees  of  Falurenheit ;  multiply 
by  9,  divide  by  5,  and  add  32. 

2.  From  Fahrenheit  to  Centigrade;  deduct  32,  multiply  by  5,  and  divide 
by  9.  ^ 

3.  From  Beanmur  to  Fahrenheit;  multiply  by  9,  divide  by  4,  and 
add  32. 

4.  From  Fahrenheit  to  B^anmnr;  deduct  32,  multiply  by  4,  and  divide 
by  9. 

5.  From  Centigrade  into  Beanmur;  multiply  by  4,  and  divide  by  5. 

6.  From  Beaumnr  to  Centigrade ;  multiply  by  5,  and  divide  by  4. 

7.  Degrees  of  frost  Fahrenheit  (bet>veen  32°  and  o)  into  Centigrade  or 
EAamnur;  deduct  from  32,  then  multiply  by  5  or  4  respectively,  and  divide 
by  9,  and  put  a  minus  sign  before  the  answer. 

8.  Degrees  below  zero  Centigrade  and  Beaumnr  (but  still  above  -177  and 
-14*2  respectively)  into  degrees  Fahrenheit;  multiply  by  9,  and  then  divide 
by  5  or  4  respectively,  and  deduct  the  result  from  32. 

9.  Degrees  below  o  Fahrenheit  into  Centigrade  or  B^anmnr ;  add  32,  then 
multiply  by  5  or  4  respectively,  divide  by  9,  and  put  a  minus  sign  Jpefore  the 
answer. 

10.  Degrees  Centigrade  and  Beanmur  (below  -177  and  -14-2  respectively) 
into  degrees  Fahrenheit ;  multiply  by  9,  and  divide  by  5  or  4,  as  the  case  may 
be,  deduct  32  from  the  answer,  and  put  a  minus  sign  before  the  difference. 

Thermometers  intended  for  extremely  low  temperatures  are  filled  with 
coloured  alcohol.  They  may  be  used  for  almost  any  attainable  cold,  but  are 
not  available  above  173°  Fah.,  at  which  point  alcohol  boils.  For  heats  above 
the  boiling  point  of  mercury,  an  instrument  called  the  pyrometer  is  employed. 


LATENT  HEAT. 

It  is  in  its  simplest  form  a  bar  of  platinum,  fixed  at  one  end,  and  acting  on  an 
index  at  the  other.  When  the  bar  is  heated,  it  expands  and  pushes  forward 
the  loose  end,  which  causes  the  index  to  move.  Ajiother  form  is  a  bulb  and 
tube  of  platinum,  filled  with  air,  placed  in  the  furnace,  and  connected  outside 
with  a  U  tube  containing  mercury.  The  expansion  of  the  air  acting  on  the 
mercury  drives  it  upwards,  and  indicates  the  temperature.  Haziimiin  and 
miaimiim  thermometers  are  furnished  ivith  a  small  index  inside  the  tube, 
so  constructed  that  it  remains  at  the  highest  or  lowest  point  respectively. 
touched  by  the  fluid  since  the  instruments  were  set. 

However  useful  the  thermometer  may  be  for  ordinary  purposes,  a  state  ot 
heat  exists  which  is  not  appreciable  by  that  instrument,  and  requires  to  be 
measured  in  a  totally  different  way.  For  example : — When  once  a  liquid 
(say  waier)  reaches  the  boiling  point,  its  temperature  remains  stationary,  pro- 
vided the  operation  be  conducted  in  an  open  vessel.  The  furnace  underneath 
may  be  urged  by  any  and  every  means  known  to  science,  and  an  immense 
amount  of  heat  may  pass  into  the  liquid,  and  yet  this  excess  of  caloric  remains 
unregistered  by  the  thermometer.  The  heat  thus  apparently  lost  is  called 
latent  heat,  and  is  necessary  for  the  retention  of  the  fluid  in  a  stale  of  vapour. 
Thus  we  see  that  vapours  are  only  the  corresponding  fluids  plus  latent  heat,  , 
All  fluids  are  also  only  the  corresponding  solids,  plus  an  amount  of  latent  I 
heat;  because  we  find  that  if  we  lake  a  pound  of  water  at  33°  (0°  C.)  and  a  \ 
pound  of  water  at  174°  {79°  C),  and  mix  them,  we  shall  produce  two 
pounds  of  water  having  a  temperature  of  103°  {39'S°  C).  But  if  we  mix  a 
pound  of  ice  at  32°  (0°  C),  with  one  pound  of  water  at  174°  (79°  C),  and 
examine  the  mixture  at  the  moment  that  the  melting  of  the  ice  is  complete, 
we  shall  find  thai  the  temperature  of  the  resulting  two  pounds  of  water  will  be 
si"  (0°  C.) ;  in  other  words,  that  the  pound  of  water  has  lost  174"  (79°  C-)  of 
heat  in  melting  the  pound  of  ice. 

The  heat  thus  rendered  inappreciable  by  the  thermometer  during  the  change 
from  a  solid  to  a  liciuid  is  called  the  latent  heat  of  fusion.  It  is  estimated  by 
means  of  an  instrument  called  the  cUorimeter  {the  description  of  which  will 
be  found  in  any  book  on  physics),  and  is  expressed  in  thermal  uniti. 

A  thermal  unit  is  the  amount  of  heat  required  to  raise  one  gramme,  one 
kilogramme,  or  one  pound,  of  water  from  o"  C.  to  1°  C.  Either  of  these 
units  may  be  employed,  but  the  most  generally  recognised  is  the  gramme. 
In  the  above  example,  we  found  that  a  pound  of  ice  in  melting  would  cool  a 
pound  of  water  through  79°  C. ;  and  we  therefore  say  the  latent  heat  of 
^sion  of  ice  is  79  thermal  units. 

The  reason  why  water  should  be  taken  as  a  standard  is  found  in  this  result, 
it  being  the  highest  of  all  bodies  as  regards  latent  heaL  To  give  some  idea 
of  how  bodies- vary  in  this  respect,  it  may  be  mentioned  that  the  latent  heal  of 
fusion  of  silver  is  21,  of  tin  14,  and  of  lead  5*4  thermal  units. 

The  heat  masked  when  a  liquid  changes  into  a  gas  is  called  the  latent  heat 
of  vaporization.  It  is  made  manifest  in  the  ordinary  process  of  distillation, 
^  and  so  great  is  it  in  the  case  of  steam,  that  one  pound  of  water  boiled  and  the 
steam  therefrom  passed  ilirough  a  worm  surrounded  by  536  pounds'  of  water 
at  the  freezing  point,  will  actually  bring  the  whole  contents  of  the  condenser 
to  100°  C.  at  the  moment  when  the  whole  has  passed  away.  Going  upon 
this  experiment,  we  therefore  consider  the  latent  heat  of  steam  to  be  536 
thermal  units. 

Freeziiig  mixtarsB  depend  for  their  action  on  btent  heat  A  mixture  of 
ice  and  salt,  for  example,  melts  so  rapidly,  and  consequently  abstracts  heat 
from  the  surrounding  bodies  so  completely,  as  to  produce  a  .degree  of  cold 
considerably  below  the  freezing  point  of  water.  Besides  this  simple  mixture, 
we  have  ammonium  chloride  and  ammonium  nitrate,  and,  a  more  energetic 
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wixotre  of  snoir  and  crfstalHzed  c^lfioin  ddoride,  iHadk  is 

to  freeze  mercanr.    The  moit  povieifiil  heeaog  nuxUue  kaovB,  is  tJkat  of 

caiion  dkulphick  and  liquid  nitioiis  anlifdzidey  vlocii  pniducgs  a  cold  of 

TIL  rogTfLTiATWnr 

b  the  chstnffng  ci  a  fluid  into  Tapour  hjr  the  aid  of  hea^  and  passiBg 
the  rapoor  into  a  ox^ing  sippsa:ata§f  caDed  the  esaiflBMr,  wfaoc^  its  latest 
heat  being  abstracted,  it  is  again  deponted  as  a  hqoid.  This  process  is  de- 
ployed for  the  separation  of  yola^Qe  fluids  from  oon-voiatile  substances. 
The  fluid  which  pass^  over  and  is  condensed  in  tiie  receiver  is  called  the 
diftillate ;  while  the  nmi-volatile  matter  which  remains  in  the  retort  b 
called  the  residue.  By  careful  attention  to  dieir  boiling  points,  various 
volatile  fluids  may  thus  be  separated  from  each  other.  Appose,  for  ez> 
ample,  that  we  have  a  mixture  of  three  substances  boiling  re^>ectivel7  at 
1 80^,  220%  and  240%  and  their  separation  is  desired,  we  should  introdace 
the  mixture  into  a  retort  fitted  with  a  thermometer,  the  bulb  of  which  was 
placed  jujit  above  the  level  of  the  fluid.  The  whole  bemg  then  attached 
to  the  condenser,  the  heat  would  be  gradually  raised  until  the  thermometer 
marked  a  little  over  180%  when  that  temperature  would  be  steadily  main- 
tained as  long  as  anything  continued  to  collect  in  the  receiver.  When  the 
liquid  ceased  to  accumulate,  the  receiver  would  be  changed,  and  the  tem- 
perature raised  to  a  little  over  220^,  and  the  distillation  continued  until  the 
second  liquid  had  ceased  to  pass  over.  The  receiver  being  once  more 
chanced,  the  heat  would  be  again  raised,  and  maintained  until  the  last 
liquid  had  been  obtained  as  a  distillate.  This  process,  which  is  exceedingly 
useful  in  practical  Chemistry,  is  called  fractional  distillation. 

VHL  SUBUKATION 

Is  the  changing  of  a  solid  into  a  vapour  by  heat,  and  recondensing  the  vapour 
into  a  solid  form  in  a  cooled  vessel.  It  is  employed  for  the  sepa^^tion  of 
volatile  from  non- volatile  solids,  and  is  thus  conducted  : — The  substance  to 
be  sublimed  is  thinly  spread  over  the  bottom  of  a  shallow  iron  pan,  and 
the  vessel  is  covered  with  a  sheet  of  bibulous  paper  perforated  with 
numerous  pin-holes  or  with  a  piece  of  muslin.  By  means  of  a  sand  bath, 
the  heat  is  slowly  raised  to  the  desired  degree,  when  the  vapour  passes 
through  the  strainer,  and  condenses  in  a  cap  of  wood  or  porcelain,  lined 
with  stout  cartridge  paper,  and  placed  over  the  heating-pan  and  kept  cool. 
Fractional  sublimation  is  often  useful,  and  may  be  employed  in  a  similar 
manner  to  fractional  distillation. 

IX.  FUSION 

Is  the  heating  of  a  solid  until  it  melts.  It  is  usually  carried  out  in  a  vessel 
called  a  "crucible,"  made  of  fire-clay.  On  the  small  scale,  or  for  the  pur? 
poses  of  analysis,  fusion  is  generally  conducted  in  porcelain  crucibles ;  or, 
where  the  substances  are  such  as  would  attack  porcelain,  in  vessels  ot 
platinum  or  silver.  Alkalies  should  be  fused  only  in  crucibles  made  of 
the  latter  metal.  A  peculiar  kind  of  fusion,  called  cupellation,  is  resorted 
to  in  the  assay  of  gold  and  precious  metals.  The  impure  gold  is  wrapped 
in  a  piece  of  lead  foil,  and  the  whole  is  then  heated  in  a  little  cup 
made  of  bone  f  arth  called  a  cupel,  when  the  lead  and  all  impurities  fuse 
and  sink  into  the  substance  of  the  porous  vessel,  leaving  the  pure  gold 
"a  metallic  button,  which  may  then  be  weighed. 


WEIGHING  AND  MEASURING.  f4 

X.  EVAPOEATIOH 
Consists  in  heating  a  fluid  until  the  whole,  or  as  much  of  it  as  may  be 
required,  passes  od'  in  vapour.     A  solution  thus  treated  until  it  has  wholly 
passed  into   vapour,  is  said  to  be  evapor&ted  to  dryneBB,   and  the  solid 
substance  remaining  is  called  the  resid-Ue. 

Solutions   which    contain    any   organic  or  volatile    matter  ought   always 
to  be  evaporated  on  a  water  bath ;  tliat  is,  in  a  vessel  exposed  only  to   . 
the  heat  of  boiling   water.      With  ordinary   non-volatile  or   metallic  sub-  J 
stances    in  solution  this    precaution    is    unnecessary,   and   of  no    practical  I 
advantage.     Evaporation    may    be  conducted  slowly,   without  raising  die  \ 
fluid  to  its  boiling  point,  when  it  is  called  simple  Taporuation ;  but  when 
suflicient  heat  is  applied,  the  evaporation  takes  place  rapidly,  and  is  accom- 
panied by  the  disengagement  of  bubbles  of  vapour,  and  the  fluid  is  then  said 
to   be   in    a  stale  of  ebollition.     AU  liquids  possess  the  continual  desire, 
as  it  were,  to  pass  into  vapour ;  and  the  amount  of  elastic  force  which  the 
vapour  thus  given  olT  exerts  is  called  its  tenaion.    The  more  the  liquid  is 
heated,  the  greater  becomes  its  tendency  to  vaporize,  and  consequently  the 
more  powerful  is  the  tension  of  its  vapoury  and  when  the  latter  is  sufiicienlly 
marked  to  overcome  the  pressure  exerted  by  the  atmosphere  and  tite  co  J 
faesion  of  the  hquid  itself,  ebullidon  takes  place.     The  boiling  point  of  ft  I 
fluid  is  therefore  the  Umperature  at  wMch  Iht  tension  of  its  vapour  is  e^at  I 
to  tliai  of  the  superincumbeni  atmospliere.     If  the  pressure  of  the  atmosphere  ' 
be  increased  artificially,  the  boiling  point  of  the  liquid  will  rise  in  proportion. 
For  example :  boiling  water  in  on  open  vessel  under  ordinary  circumstances 
will  have  a  temperature  of  212° ;  but  water  in  a  sleam  boiler,  under  a  prca> 
KIM  of  60  lbs.  per  square  inch,  will  be  found  to  be  heated  nearly  to  364". 
As  steam  under  pressure  can  thus  be  obtained  at   high  temperatures,  it  19 
made  use  of  for  the  rapid  evaporation  of  liquids  on  a  large  scale,  by  causing 
it  to  pass  into  a  jacket  or  through  a  coil  of  pipes  surrounding  the  evaporating 
pan.     The  apparatus  thus  made  use  of  is  called  a  sitam  bath,  the  heat  (rt 
whidi,  according  to  the  B.P.,  should  be  about  230°  Fahr. 

The  boiling  point  of  liquids  is  very  variable,  as  will  be  seen  from  the 
following  table  : — 

Faukeniieit.    Cektioiadb. 

Ether,  pure 95°  35° 

.,    (B.P,) 105  40-5 

Chloroform 14a  61  ■ 

Alcohol,  rectified  spirit,  84  percent.  .        ■     175  79*5        J 

„         proof  „      49         „  ...     J7S'5  8f4         I 

Water,  barom.  pieu.  at  39'92  inches  .    212  100         " 

Strong  Sulphuric  Acid 620  327 

Mercury 662  350 

If  water  be  boiled  in  a  chemically  clean  glass  vessel,  and  more  paiticulail/ 
if  a  precipitate  be  suspended  in  the  wat«r,  the  boiling  does  not  take  place 
T^ularly,  but  the  liquid  becomes  heated  above  its  boiling  point,  and  suddenly 
rashes  into  vapour  in  gusts.  This  is  called  by  practical  chemists  "  bumping,^ 
and  may  be  prevented  by  putting  in  a  few  fragments  of  platinum  foil,  which 
act  as  nuilei,  to  aid  in  the  regular  disengagement  of  the  vapour. 

H.  WEIOHIHG  ASD  MEAStTEISG. 

Weight  is  caused  by  the  attraction  all  bodies  have  for  each  other,  which  is 
known  as  gravitation.  This  attraction  is  exercised  in  proportion  to  the  mass 
of  matter  existing  in  the  bodies,  and  in  inverse  proportion  to  the  square  of 
the  distance  between  ihem.  As  the  earth  is  the  largest  body  within  our  at- 
mosphere, it  follows  that  its  attraction  is  always  greater  than  that  of  any 
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surrounding  matter.;  and  the  exercise  of  this  excess  of  gravitation  to  the  earth's 
surface  is  the  cause  of  weight.  Weighing  is  performed  by  means  of  the  well- 
known  appliance  called  the  balance,  aidc^  by  weights  made  either  according 
to  the  English  or  the  metrical  system. 

In  the  Englbh  weights  of  precision,  any  amount  above  lo  grains  is  usually 
represented  by  a  series  of  small  brass  cylinders^  from  lo  to  looo  grains ;  then 
follow  6,  3,  3,  2  and  i  grains  in  platinum  wire,  and  afterwards  *6,  '3,  '3,  *2 
and  'I  of  a  grain  in  platinum,  or,  more  frequently,  in  aluminium  wire. 
Quantities  of  less  than  -^  grain  are  weighed  by  a  small  rider  of  gold  wire 
placed  on  the  beam  of  the  balance.  The  foundation  of  the  English  system  is 
the  inch,  which  is  the  -^  part  (nearly)  of  the  length  of  a  pendulum  vibrating 
seconds  of  mean  time  in  a  vacuum  at  the  level  of  the  sea,  and  in  the  latitude 
of  London:  (the  actual  length  of  the  pendulum  is  391393  inches).  One 
cubic  inch  of  distilled  water^  measured  at  60^  F.  and  30  inches  barometrical 
pressure,  weighs  252*45  grains,  or  252^  grains  nearly.  There  are  437*5 
grains  in  an  ounce,  and  16  ounces  (or  7000  grains)  in  a  pound.  Measure  of 
capacity  is  obtained  by  weighing  out  10  lbs.  of  water  at  60°  Fahr.  and  30 
inches  bar.,  when  the  whole  measures  one  gallon.  The  gallon  is  in  turn 
divided  into  8  pints  ( =  20  ounces,  or  8750  grains  of  water,  per  pint) ;  the  pint 
into  20  fluid  ounces  (  =  437*5  grains  of  water  per  fluid  ounce);  the  fluid  ounce 
is  divided  into  8  fluid  drachms  (  =  54*68  grains  of  water  per  fluid  drachm)  ; 
and,  lastly,  the  fluid  drachm  is  divided  into  60  minims  (=  *9i  grain  of  water 
in  each  minim). 

In  the  metrical  weights  of  precision  those  above  one  gramme  are  in  brass  ; 
and  then  we  have  •6,  "3,  '3,  '2,  'i,  and  following  them  *o6,  '03,  *o3,  "02,  -oi 
all  in  platinum  wire  or  thin  foil.  The  quantities  below  'oi  (one  centi- 
gramme) are  weighed  by  a  rider  on  the  beam.  The  combination  of  6,  3,  3,  2 
and  I  have  been  chosen  because  they  have  been  found  to  give  the  greatest 
number  of  possible  combinations  with  the  fewest  weights.  The  metrical 
system  is  founded  upon  the  niHre^  which  is  theoretically  equal  in  length  to 
the  ten-millionth  part  of  a  quarter  of  the  meridian  of  the  earth.  The  metre  is 
multiplied  and  divided  entirely  by  10,  thus  : — 

Kilo-metre looo* 

Hecto-metre         .        .        .         .  100* 

Deca-metre 10* 

Metre 1* 

Deci-metre *i 

Genti-metre 'oi 

Milli-metre "ooi 

The  metre  taking  the  practical  place  of  the  English  yard,  the  decimetre 
consequently  takes  the  place  of  the  foot,  and  the  centimetre  of  the  inch ; 
and  just  as  weight  is  got  in  our  system  from  the  cubic  inch,  so  it  is  got  metri- 
cally from  the  cubic  centimetre,  only  much  more  simply,  because  i  cubic 
€mtim€tre  of  distilled  water ^  measured  at  4°C.  and  760  millimetres  bar,,  weighs 
one  gramme.  The  gramme  is  multiplied  and  divided  exactly  as  the  metre  ;  and 
measure  of  capacity  is  got  from  the  fact  that  i  kilogramme  (1000  grammes) 
of  water  measures  i  litre,  which  becomes  in  turn  the  unit  of  capacity  thus  : — 

WEIGHT.  CAPACITY.  NO.  OF  UNITS. 


Hecto-gramme 

Hecto-litre 

100* 

Deca-gramme 

Deca-litre 

10* 

Gramme 

.Litre 

1* 

Deci-gramme 

Deci-litre 

• 
•I 

Centi-gramme 

Centi-litre 

*0I 

Milli-gramme 

Milli-litre 

•001 

SPECIFIC  GRAVITY. 

So  we  see  that  using  water  at  4°  C,  a  gramme  by  weight  and  a  cubic  centimelre 
or  a  millilitre  by  measure  amount  to  the  same  thing ;  as  likeivise  do  a  kilo- 
gramme by  weight  and  a  cubic  decimetre  or  a  litre  by  measure.  The  relation 
between  the  two  systems  is  easily  calculated  from  the  following  standards  :■ 


I  minims). 


L 


J  Gramme  =  t5'43'  grains 

I  Kilogramme       =   2'205  lbs.  (or  15433  grains). 

I  Litre  =    i'76  pints  (or  35  fl.  oz,  2  drachms  S:  i 

I  Metre  =39'37  inches. 

So  that  I  decimetre  is,  as  nearly  as  possible,  4  inches ;  and  i  decilitre,  a  trifle 
over  3^  fluid  ounces.     [For  full  tables  of  both  systems,  see  the  Appek-1 

DIX;    AND     FOR     FURTHER      PRACTICAL      INSTRi;CT10N  ~" 

UEASUSINC,  SEE  QUANTITATIVE  ANALYSIS.] 

Xn.   SPECIFIC  GRAVITY 

May  be  generally  explained  to  be  llie  weight  of  anything  as  compared  with  | 
that  of  an  equal  volume  of  distilled  water  at  a  temperature  of  60".   An  acquaint-  J 
ance  with  the  various  cases  which  may  occur  in  the  taking  of  specific  gravis  I 
is  of  great  importance  to  the  pharmacist,  as  it  forms  an  exceedingly  ready  1 
method  of  testing  the  purity  and  strength  of  many  substances,     A  knowledge  I 
of  the  specific  gravity  of  the  various  bodies  in  which  he  deals,  also  enables 
the  pharmacist  to  tell  at  once  what  any  given  volume  of  a  liquid  ought  to 
weigh,  or  conversely,  what  size  of  a  vessel  will  be  required  to  contain  any 
given  weight.    The  following  are  the  chief  varieties  of  cases  which  may  occur  in 
connection  with  practically  testing  the  specific  gravity  of  liquids  and  solids : — 

Case  i.  To  take  tha  specific  gravi^  of  a  fluid. — A  small  bottle  of  thin 
glass  is  procured,  and  carefully  counterpoised  upon  a  balance.  It  is  then 
filled  ivith  pure  distilled  water  at  60^  F.,  and  the  weight  of  the  water  thus  in- 
troduced accurately  noted.  The  ijottle,  having  been  emptied  and  dried,  IS 
filled  with  the  liquid  to  be  tested,  also  at  60  F.,  and  the  whole  is  again 
weighed.  By  this  means,  having  ascertained  the  weight  of  etiual  bulks  of 
water  and  fluid,  it  only  remains  to  divide  the  weight  of  the  fluid  by  the  weight 
of  the  water,  and  the  product  will  be  the  specific  gravity  required.  To  n 
the  calculation  clear,  observe  the  following  examples : — 

A  counterpoised  bottle  filled  with  distilled  water  weighs  1000  gnuns; 
same  bottle  filled  with  sulphuric  acid  weighs  1843  grains,  dien  : — 

Again,  the  same  bottle,  carefully  washed,  and  filled  with  rectilied  spirit,  \ 
838  grains,  then 

-  -  -  '838,  the  specific  gravity  of  rectified  spirit. 

In  practice,  bottles  are  sold  with  little  perforated  stoppers,  which,  when  en- 
tirely filled  with  the  liquid,  and  the  stopper  carefully  dropped  in,  so  that  no 
bubbles  of  air  are  allowed  to  remain  between  the  stopper  and  the  liquid, 
exactly  hold  a  given  weight  of  water,  usually  tooo  grains.  A  counterpoising 
weight  for  the  empty  bottle  is  also  provided  ;  so  that  there  is  nothing  further 
to  be  done  but  simply  to  place  the  counterpoise  in  one  scale  and  the  bottle, 
filled  with  the  liquid  under  examination,  in  the  other ;  and  having  ascertained 
the  weight,  to  divide  by  the  known  weight  of  water  for  which  the  bottle  was 
constructed. 

To  t&ke  the  specific  gravity  of  a  liquid  by  means  of  ths  hydrometer. — The 
hj-drometer  depends  for  its  action  on  the  theorem  of  Archimedes.     If  a  solid 


-  I  -843,  the  specific  gravity  of  the  acid. 


lO 


CHEMICAL  PROCESSES. 


body  be  immersed  in  a  liquid  specifically  heavier  than  itself  it  rontimies  to 
sink  imtil  it  has  displaced  a  bulk  of  fluid  equal  to  its  own  weight,  and  then  it 
becomes  stationary.  Suppose  an  elongated  body  with  a  weight  at  its  base  to 
cause  it  to  float  upright,  which  has  a  specific  weight  eiiacdy  half  that  of  water, 
be  immersed  in  that  fluid,  it  will  sink  to  exacdy  halif  its  length,  because  its  whole 
weight  is  counterpoised  by  a  bulk  of  fluid  equal  to  half  its  size.  Hydrometers 
are  long  narrow  glass  or  metal  tubes  with  a  bulb  near  the  bottom  filled  with 
air,  and  another  smaller  bulb  beneath  containing  a  sufficient  quantity  of  mer- 
cury to  weight  it  and  cause  it  to  float  upright  There  are  two  kinds  of  hydro- 
meters :  (i)  for  fluids  heavier  than  water,  and  (2)  for  fluids  lighter  than  water. 
The  graduation  of  the  former  is  performed  by  immersing  the  instrument  in 
water  and  introducing  such  a  quantity  of  mercury  z^  will  cause  it  to  sink,  so 
that  only  about  one  inch  remains  unsubmerged,  and  marking  this  point  i. 
The  instrument  is  then  plunged  successively  into  several  liquids  heavier  than 
water,  the  specific  gravities  of  which  are  known,  and  the  points  to  which  it 
rises  are  marked  and  numbered.  By  this  means  a  scale  can  be  made  between 
those  points,  indicating  any  gravity  from  i  upwards.  For  hydrometers  lighter 
than  water,  the  first  sinking  in  that  liquid  is  continued  by  weighting  until  only 
the  upper  bulb  is  immersed;  and  this  point  having  been  marked  i,  the  instru- 
ment is  placed  successively  in  known  fluids  lighter  than  water,  the  points  to 
which  it  sinks  marked,  and  by  this  means  a  whole  scale  is  obtained.  The 
hydrometers  sold  for  B.P.  purposes  are  generally  four  in  number,  the  first 
ranging  from  70  to  I'oo,  the  second  from  I'oo  to  1*30;  the  third  from  1*30  to 
I '60,  and  the  fourth  from  i'6o  to  2*00.  Such  a  set  will  take  the  gravity  of 
anjr  B.P.  liquid  except  the  exceptionally  heavy  liquor  hydrargyri  nitratis 
acidus,  which  has  a  gravity  of  2*246.  The  following  is  a  table  of  the  specific 
gravities  of  the  chief  B.  P.  liquids. 


I.  Fluids  lighter  than  Water. 


iEther  purus    .        •        • 
^ther     .... 
Spiritus  cctheris 
Alcohol  amylicum    .         ^ 
Spiritus  rcctificatus  . 
,,       a'theris  nitros>i 

ammonia;  aromaticus 


>> 


720 

73S 
•809 

'818 

•838 

•845 
•870 


Spiritus  chloroformi         • 
Li(^uor  ammoniac  fortior  . 
Spiritus  tenuior 
Acidum  sulphuricum  aromat.    i 

,,       hydrocyanicUm  dil. 
Tinctura  ferri  perchloridi . 


•871 
•891 
•920 
•927 

•997 
•992 


2.  Fluids  heavier  than  Water. 


Acidum  aceticum  dil. 

.     I -006 

„            „       glaciale 

I  066 

,,      carbolicum  . 

,     I  065 

„      hydrochloricum   . 

.     ri6o 

„                ,,              dil. 

I  052 

,/     njtricum 

I  '420 

»          M          dil. 

«               1 

I'lOI 

„      nitro-hydrochloricum  dil. 

I -075 

,,      sulphuricum 

.     1-843 

„              „            dil.  . 

.     1094 

„      sulphurosum 

1x340 

Extractum  cinchonce  flavic  liq. 

1 

I '100 

y,            sarzcc  liq. 
Liquor  antimonii  cmoridi 

I  130 

I  470 

„     arsenicalis     . 

1*009 

„     arsenici  hydrochloricus 

1*009 

,,    bismuthi  et  ammonix 

citratis 

\      1*122 

,,    calcis  chlorata; 

I  035 

„        „     saccharatus . 

1*052 

,,     chlor^  . 

.      I  003 

,,     ferri  perchloridi     . 

.      1338 

„       „    pemilnuis     . 
II      t>    persulphatis  • 

I  '107 

.     1*441 

Liquor  hydrargyri  nitratis  acidus 
,,     plumbi  subacetatis 
„     potassai 
sodae     . 

,,     chloratse 
Syrupus  simplex 

aurantii 

ferri  iodidi. 

hemidesmi. 

limonis 

mori  . 

papaveris  . 

rhreados 

rhamni 

rosre  Gallicoe    .  . 

sennse 

tolutanus   . 


II 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


II 

Bromine . 

Chloroform 
Creasote . 
Glycerin  . 
Vinegar  , 


1*017  to 


2*246 
1*260 
I  058 

I  047 
1*103 

1*330 

1*330 
1*385 
1*335 
1*340 
I  330 
1*320 
1*330 
1*320 

1*335 
1*310 

1*330 
2*966 
1*490 
1*071 
1*250 
1*019 


By  Act  of  Pariiament  Sykes'  hydrometer  is  used  by' the  officers  of  excise  to 
indicate  the  strength  of  spirituous  liquors,  and  thus  facilitate  the  collection  ot 
the  revenue.  It  is  a  short  brass  instrument  with  the  stem  graduated  from  o  to 
1  o,  and  a  series  of  nine  weights  to  place  beneath  the  bulb.  By  thus  being  able 
to  change  the  weight,  the  length  of  the  stem  is  only  ^  of  that  it  would  need 
lo  be  with  a  permanent  weight,  and  so  the  instrument  will  work  in  a  propor- 
tionately smallef  quantity  of  liquid.  In  using  it,  the  thermotneter  must  also 
be  employed ;  and  by  observing  (i)  the  temperature,  (a)  the  weight  put  on, 
and  (3)  the  point  to  which  it  sinks  on  the  stem,  and  referring  to  a  book  of 
tables  which  is  sold  with  the  hydrometer,  the  strength  of  the  spirit  is  ascer- 
tained 

Another  modification  of  the  instrument  is  found  in  Twaddell's  hydrometer, 
which  is  used  in  this  countiy  for  testing  the  density  of  liquids  having  a  greater 
specific  gravity  than  water.  It  Is  so  graduated  that  the  reading  of  any  indi- 
cated degree,  multiplied  by  5  and  added  to  1000,  gives  tlie  specific  gravity  as 
compared  with  water.  Specific  gravity  beads  form  the  only  other  variation  of 
the  hydrometric  idea.  These  are  small  loaded  bulbs  of  known  specilic  gravi- 
ties, which  are  thrown  into  the  liquid  to  be  tested,  when  the  number  marked 
upon  the  bead  which  just  floats  underneath  the  surface  and  shows  no  ten- 
dency to  sink  or  rise,  gives  the  specific  gravity  required.  Hydrometers  in  any 
form  must  in  accuracy  rank  considerably  beneath  that  of  the  specilic  gravity 
bottle;  but  in  commercial  operations,  where  an  apjiroxiraation  only  to 
correctness  is  required,  this  little  instrument  is  invaluable. 

Case  1.   Tg  take  the  specific  gravity  of  ti  solid  body  is  mass  which 
is   isiolable  in  and    heavier    than  water. — The  method  by  which    this 
process  is  conducted  was  suggested  by  a  theorem  attributed  to  Archimedes, 
which  may  be  thus  expressed : — A  solid  on  being  immersed  in  a  liquid  is 
buoyed  up  in  proportion   to  tlie  weight   of   the  fluid  which  it  displaoes,  ' 
and  the  weight  it  thus  apparently  loses  is  equal  to  that  of  its  own  bulk 
of  the  liquid.     A   piece  of  the  solid  substance  to  be  tested  is  accurately  J 
weighed,  and  is  suspended  by  means  of  a  horsehair  from  one  arm  of  a  I 
balance  so  that  it  ^ips  under    the  surface  of  a  vessel  containing  distilled  I 
I  60°  F.,  when  its  weight  is  again  noted.     Its  weight  in  water  U^ 


deducted  from  its  weight  in  air,  the  weight  i; 
cnce  so  obtained.  . 

Example. 

A  piece  of  marble  weighs     . 

Immersed  in  distilled  water. 


r  being  divided  by  the  difTer- 


DifTcrence  in  w 


ght 


By  dividing  300  by  iii'i  we  obtain  ihc  product  27,  which  is  the  speciflc 
gravit)'  of  the  marble. 

Case  3.  In  order  to  arriTo  at  the  specific  gravis  of  a  powder  which  is 
iasolnble  in  a&d  heavier  than  water. — Weigh  a  portion  of  the  powder  in  air, 
then  introduce  it  into  a  counterpoised  specific  gravity  botde  constructed  to 
hold  a  known  weight  of  water.  Let  the  bottle  be  cartfully  filled  with  dis- 
tilled water,  gently  agitating  to  ensure  that  no  minute  bubbles  of  air  shall 
remain  attached  to  the  panicles  of  powder,  then  weigh  the  whole.  From  the 
weight  of  the  powder  in  .lir,  plus  the  known  weight  of  water  which  the  bottle 
should  contain,  deduct  the  weight  obtained  in  the  second  operation,  and 
divide  llic  original  weight  of  the  powder  by  this  difference. 

EXAUPt^. — 20  grains  of  a  [wwder  are  weighed  out,  and  poured  into  a 
counterpoised  specific  gravity  bottle,  constructed  to  hold  1000  grains  of  ivater. 
The  bottle  thus  charged  is  found  to  weigh  loiz  grains ;  then. 
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20  grains  +  looo  grains  =     1020  grains. 

Weight  of  the  bottle  when  charged  | 

with  powder  and  water.     •    .  3      ^^'^     " 

Difference '.    .    .  -8     „ 

Therefore,  20  grains  divided  by  8  grains  will  give  2*5  as  the  specific  gravity 
of  the  powder. 

Case  4.  To  take  the  specific  gravity  of  a  substance  in  mass,  insoluble  in 
but  lighter  than  water. — ^The  difficulty  met  with  in  this  case  consists  in  the 
impossibility  of  weighing  such  a  substance  alone  in  water,  because  it  floats  on 
the  surface  Qf  that  liquid.    It  therefore  becomes  necessary  to  attach  a  piece 
of  lead  or  other  solid  sufficiently  heavy  to  sink  it,  and  thus  a  complication  is 
introduced.    The  light  substance  is  first  weighed  in  air  in  the  ordinary  manner, 
and  is  then  attached  by  a  horsehair  or  silken  thread  to  a  sinker,  and  suspended 
from  one  arm  of  a  balance  under  the  surface  of  a  basin  of  distilled  water, 
when  the  combined  weight  of  both  is  ascertained.     The  light  body  is  now 
detached,  and  the  weight  of  the  heavy  solid  substance  by  itself  noted.      By 
these  means  we  obtain  the  following  data  : — 
i.  The  weight  of  the  light  body  in  air. 
ii.  The  weight  of  the  heavy  body  in  water, 
iii.  The  weight  conjointiy  of  the  light  body  and  sinker  in  water. 
We  then  deduct  the  weight  of  both  in  water  firom  the  weight  of  the  sinker  in 
water ;  add  the  weight  of  the  light  substance  in  air ;  and  divide  the  weight  of 
the  light  body  in  air  by  the  product  so  obtained. 

Example.  A  light  substance  weighs  120  grains  in  air;  being  attached  to  a 
piece  of  lead,  and  weighed  in  distilled  water,  the  united  weight  amounts  to  40 
grains,  while  the  weight  of  the  lead  alone  in  water  shows  50  grains.    Then  : — 

Weight  of  lead  in  water        ....       50  grains. 
Weight  of  both  in  water       ....      40 


Difference to 

Add  weight  of  light  body  in  air     .        .        .120 

Product '     ,        .130 


Dividing  120,  the  weight  in  air,  by  130  obtained  as  above,  we  arrive  at  the 
decimal  fraction  '923  as  the  specific  gravity  of  the  light  substance  tested. 

Case  5.  To  obtain  the  apecific  gravity  of  a  substance  soluble  in  water. — 
Proceed  exactly  in  the  same  manner  as  in  Cases  2  or  3,  according  as  the  body 
is  in  mass  or  in  powder ;  but  instead  of  water,  use  oil  of  turpentine  or  some 
other  liquid  in  which  the  solid  is  insoluble.  Having  obtained  the  specific 
gravity  of  the  substance  as  if  water  had  been  used,  multiply  the  result  by  the 
known  specific  gravity  of  the  oil  of  turpentine  or  other  fluid  employed. 

Example. — A  lump  of  sugar  weighing  100  grains  was  found  to  weigh 
when  immersed  in  oil  of  turpentine,  45*62  grains.    Then  : — 

The  weight  of  the  sugar  in  air  was  ....     100  grains. 

oil  of  turpentine  .      45*62 


»  » 


Difference 54*3^ 


Dividing  100  grains  by  54*38  grains  yields  1*84  as  the  specific  gravity  as  if 
water  had  been  used ;  and  by  multiplying  this  result  by  '87,  the  specific  gra- 
vity of  oil  of  turpentine,  we  obtain  1*6  as  the  actual  specific  gravity  of  the 
sample  of  sugar  operated  on. 
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Having  thus  considered  in  detail  the  various  complications  which  mayfl 
arise  in  taking  the  specific  gravity  of  liquids  and  solids,  it  only  remains  tofl 
point  out  how  the  foregoing  may  be  rendered  subservient  to  commerciall 
purposes.  ^ 

Case  t.  The  specific  gravity  of  &  body  being  known,  it  ia  desired  ta  | 
ucertain  the  weight  of  any  given  volume  of  the  substance.  In  otder  to  J 
obtain  an  answer,  it  is  simply  necessary  to  discover  what  would  be  the  weight  J 
of  the  given  bulk  considered  as  water,  and  to  multiply  this  amount  by  th^l 
specific  gravity.  ■ 

Example  i. — What  would  be  the  weight  of  a  fluid  ounce  of  oil  of  vitriol  n 
We  know  that  a  fluid  ounce  of  distilled  water  weighs  437'S  grains,  and  in  thel 
Pharmacopojia  the  specific  gravity  of  oil  of  vitriol  is  given  as  1  -S^j  j  so,  if  we  1 
muUiply  the  fonner  figures  by  the  latter,  we  obtain  8o6'3i  grains,  which  is  the  1 
weight  of  a  fluid  ounce  of  this  acid.  J 

Example  ii. — How  much  should  agallon  of  itx/nrrf//m.r/«rfw(or^«i(c/;/«/';/i()iiW 
weigh?  The  weight  of  a  gallon  of  water  is  10  lbs.,  by  multiplying  10  by  I'lJJ 
the  specific  gravity  of  the  extract,  we  qbtain  11  lbs.  as  an  ansiver  to  ib^ 
question. 

Example  iiL — How  much  should  a  fluid  ounce  of  pure  ether  weigh  ?  The 
specific  gravity  of  this  exceedingly  volatile  Huid  is  '72,  and  we  have  already 
seen  that  a  fluid  ounce  of  distilled  water  weighs  437"5  grains;  multiplying  the 
one  number  by  the  other  gives  315  grains,  which  corresponds  to  the  weight 
of  a  fluid  ounce  of  the  first-mentioned  liriuid. 

Case  z.  Oiven  the  weight  of  any  known  bulk  of  a  liqnid,  to  find  ita 
speoific  gravi^. — Divide  the  weight  by  that  of  the  given  bulk  considered  as 
distilled  water. 

Example. — A  pint  of  spirit  weighs  7332  grains; — is  it  rectified  or  proof 
spirit  ?  By  dividing  this  weight  by  8750,  the  ascertained  weight  of  a  pint  of 
distilled  water,  we  obtain  as  an  answer  "838.  We  know,  therefore,  that  the 
spirit  thus  tested  must  have  been  rectified  and  not  proof,  as  the  specific  gravity 
of  the  latter  would  have  shown  -92. 


zni. 


MEASUBEMENT  OP  ATHOSPHERIC  PRESSURE  AND 
DENSITY  OF  GASES  AND  VAPOURS. 


Taking  the  density  of  gases  and  vapours  involves  many  more  complicated  1 
considerations  than  arc  required  in  the  methods  applicable  to  the  specific.  I 
gravity  of  liquids  and  solids.     The  standard  adopted  for  gases  and  vapours  ia:  ] 
hydrogen,  measured  at  a  temperature  of  0°  C.,  and  a  barometrical  pressure  ofw 
760  milUmetres.     The  observation  of  the  temperature  is  accomplished  bjJ 
mcnns  of  the  thermometer  already  explained;  whereas  the  pressure  of  (hAj 
atmosphere  is  ascertained  by  the  aid  of  an  instrument  named  the  barometab 
A  pupil  of  Gahleo,  named  I'orricelli,  and  others  had  previously  remarked  that 
water  in  an  ordinary  suction  pump  refused  to  follow  the  piston  higher  than 
about  33  feet     But  whilst  the  savans  of  the  period  attributed  this  circum- 
stance to  "Nature's  abhorrence  ofa  vacuum,"  the  eminent  disciple  of  Galileo 
conceived  that  the  effect  was  due  to  a  limitation  or  counter- balancing  of  at- 
mospheric pressure.    Having  thus  advanced  a  stage  in  his  chain  of  reasoning 
he  concluded  that  if  he  employed  a  heavier  fluid  than  water  it  wotild  not  rise 
so  high  in  the  tube  as  that  bquid,  but  that  its  height  would  be  in  proportion 
to  its  specific  gravity.     Another  link  in  the  chain  was  now  added,  and  bit  | 
theory  became  complete  when  he  argued  that  any  liquid  must  rise  in  a  scaled.  J 
tube  exiiausted  of  air  (having  its  open  mouth  dipping  into  a  reservoir  of  th^  J 


^ 
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same  fluid)  until  its  altitude  corresponded  with,  and  balanced  the  wcighld 
the  superincumbent  atmosphere  pressing  on  the  surface  of  the  liquid  contained 
in  the  reservoir. 

The  barometer  is  constructed  as  follows  : — The  thick  glass  tube  isseiledll 
one  end,  and  rendered  chemically  clean.  The  merctiry  to  be  employed  is 
purified  by  agitation  with  dilute  sulphuric  or  nitric  add  j  kept  under  tie 
cleansing  liquid  for  several  days,  then  washed  with  fresh  acid,  and  its  lusM^ 
tion  completed  with  distilled  water.  The  purified  metal  and  tube  being  bo& 
perfectly  dry,  the  former  is  poured  into  the  latter  to  the  height  of  aboul  ot 
inches  and  boiled  for  a  few  seconds.  A  further  supply  of  separately  bealoi 
mercury  is  added,  and  ebullition  again  induced  as  before.  Ahemately  filling 
up  gradually  and  bailing,  the  process  advances,  until  the  barometrical  tube  is 
full,  and  not  a  particle  of  air  remains ;  in  order  to  prevent  subsequent  fraclure, 
the  tube  must  be  carefully  annealed,  that  is,  permitted  slowly  to  cooL  It  is 
then  simply  to  be  closed  with  the  finger,  and  inverted  in  a  small  vessel  of 
mercury,  taking  great  care  that  no  bubbles  of  air  pass  in  during  the  invetaon- 
When  this  is  done,  the  mercury  sinks  down  from  the  top  and  stands  at  ft 
height  which  balances  the  atmospheric  pressure  of  the  day,  leaving  above  it  a 
space  known  as  the  Torricellian  vacuum.  The  instmment  is  then  graduaied 
in  inches  or  millimetres  from  the  surface  of  the  mercury  in  the  cup  upwids. 
In  practice,  the  graduation  commences  at  z6  inches  above  the  mercury  suiftce, 
and  ends  at  32  inches,  as  the  barometer  never  varies  more  than  that  lo 
niillimetres  likeftise  the  graduation  commences  at  700  and  ends  at  800,  (or 
the  same  reason.  The  barometer  is  said  to  be  at  standard  pressure  when  the 
column  of  mercury  is  ag'g  inches,  or  760  millimetres  long.  A  modern 
adaptation  of  the  law  of  atmospheric  pressure  to  the  puqioses  of  science  is 
found  in  the  aneroid  barometer.  It  consists  of  a  vacuous  circular  metal  bo«» 
with  a  fluted  lid,  which  is  more  or  less  affected  by  atmospheric  changes,  ilia^ 
is  to  say,  when  the  pressure  increases  the  lid  is  crushed  inwards,  and  Eprio£^ 
out  again  by  its  own  elasticity,  when  the  pressure  diminishes.  The  atfl'*' 
spheric  fluctuations  are  exhibited  on  a  dial  by  an  indicator  placed  in  coo^ 
nection  with  the  metallic  moving  surfaces.  The  instrument  is  graduated  W 
placing  alongside  it  a  true  mercurial  barometer,  and  observing  how  fer  the 
index  passes  for  each  real  rise  or  fall  of  the  mercury.  The  aneroid,  thetefo^! 
is  only  a  true  barometer  when  graduated  thus  side  by  side  witii  a  merca*^ 
column. 

The  most  convenient  and  widely  recognised  scales,  both  for  the  ther*****" 
meter  and  barometer,  are  those  employed  on  the  Continent  for  the  meas»**?" 
ment  of  gases.  Among  scientific  persons,  whenever  any  volume  of  gxS  ** 
mentioned,  it  is  understood  to  have  been  measured  at  a  temperature  of  xe***! 
as  indicated  by  the  Centigrade  thermometer;  and  under  a  pressure  etj**^ 
to  sustain  a  column  of  mercury  760  millimetres  in  height  on  the  Frc«**^ 
barometer. 

In  the  case  of  liquids  or  solids,  when  taking  their  specific  gravity,  it  is  **** 
only  possible  but  easy  to  obtain  the  water  or  other  fluid  required  at  the  OC^*: 
temperature  necessary,  by  the  use  of  cooling  or  healing  appliances.  W^* 
gas  we  can  exercise  no  such  manipulation ;  and  although  we  might  con**~ 
the  temperature,  we  are  absolutely  powerless  to  influence  the  pressure  of  ^^ 
atmosphere  at  the  period  of  measurement  The  measurement  of  gase^*  - 
therefore  conducted  without  any  attempt  to  modify  these  conditions;  but  ■*■- 
indications  of  the  thermometer  and  barometer  being  carefully  noted  at  '*' 
time  of  the  experiment,  a  simple  series  of  calculations  enables  us  to  ascert-^^*^ 
how  much  the  volume  of  gas  woidd  have  measured  had  the  test  been  c^  ^ 
ducted  at  a  standard  of  temperature  and  pressure.  The  following  are  sp^*^ 
mens  of  such  calculations : — 
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I.  Correction  of  fhe  volimio  of  gases  for  temperature. — ^This  calcula- 
tion is  based  upon  the  discoveiy  that  gases  expand  or  contract  one  two- 
hundred-and-seventy^third  (tIt)  part  of  their  volume  for  each  degree  of  tem*> 
perature,  Centigrade,  through  which  their  heat  has  been  Respectively  raised  or 
lowered.  This  fact,  therefore,  enables  us,  by  a  simple  rule-of-three  sum,  to 
obtain  the  following  result : — As  273  plus  fiie  temperature  at  the  time,  of 
measurement  is  to  273  plus  the  required  temperature,  so  is  the  volume  of  the 
gas  at  the  period  of  measurement  to  the  required  volume. 

For  example : — the  volume  of  a  gas  at  15®  C.  was  100  cubic  centimetres, 
what  would  it  be  at  the  standard  temperature  at  o**  C.  ?    Then, — 

As    273  273 

IS  o 


288     :     273     : :     100 

which  gives,  as  an  answer,  94*795  cubic  centimetres,  the  volume  of  the  gas  at 
standard  temperature. 

2.  Correction  of  the  volume  of  gases  for  pressure. — ^This  calculation  is 
based  upon  the  rule  that  gases  expand  or  contract  in  volume  in  inverse  pro- 
portion to  the  increase  or  diminution  of  the  pressure :  that  is  to  say,  the 
greater  the  pressure  the  less  the  volume  of  the  gas,  and  the  less  the  pressure 
the  greater  the  volume  of  the  gas. 

For  example  : — At  the  moment  of  measuring  100  qubic  centimetres  of  a 
gas,  the  barometer  stood  at  752  millimetres ;  what  would  the  volume  of  the 
gas  be  at  the  standard  pressure  of  760  millimetres  ?  Applying  the  rule  of 
inverse  proportion,  we  have  the  following  simple  du-ections  for  stating  the 
sum : — As  the  required  pressure  is  to  the  observed  pressure,  so  is  the  ob- 
served volume  to  Uie  required  volume :  then 

760     :     752     : :     100 

which  gives,  as  an  answer,  98*95,  the  volume  of  the  gas  at  standard 
pressure. 

The  manner  in  which  the  specific  gravity  of  a  permanent  gas  is  obtained  is 
as  follows : — 

A  sufficiently  large  globe  of  very  thin  glass  is  procured,  fitted  with  a  brass 
cap  and  a  perfectly  air-tight  stopcock.  Inside  the  globe,  projecting  from  the 
cap,  a  smsdl,  delicate  thermometer  must  be  fixed  for  the  registration  of  the 
temperature,  and  a  barometer  of  known  accuracy  placed  within  sight  of  the' 
manipulator,  to  indicate  the  atmospheric  pressure.  The  gas  to  be  tested 
must  be  generated  at  the  time  it  is  required,  and  passed  without  delay  into 
the  previously  exhausted  globe,  through  a  considerable  length  of  glass  tube 
filled  with  some  hygroscopic  mixture,  such  as  fragments  of  pumice  stone 
moistened  with  sulphuric  acid,  so  that  during  its  passage  it  may  be  robbed  oi 
every  trace  of  moisture.  Some  pressure  being  necessarily  used  in  obtaining 
the  gas,  its  elasticity  when  in  the  globe  will,  to  a  trivial  extent,  surpass  the 
atmospheric  pressure ;  but  by  opening  the  tap  for  an  instant,  an  equilibrium 
is  established,  and  the  necessity  for  barometric  correction  sometimes  avoided. 
The  filled  globe  is  now  weighed,  and  its  weight  noted,  together  with  the  indi- 
cation of  the  temperature  shown  by  the  litSe  thermometer  inside,  and  that 
of  the  barometer.  Placed  on  the  air-pump,  the  sphere  is  then  carefully  ex- 
hausted, detached,  and  the  weight  recorded.  Finally,  it  is  filled  with  pure, 
dry  air,  and  once  more  tested  by  the  balance,  when,  if  the  temperature  and 
barometric  pressure  happen  to  be  alike  during  all  three  weighings,  the  specific 
gravity  requhred  will  be  known  by  dividing  the  weight  of  the  gas  by  that  ot 
the  air. 
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The  specific  gravity  of  vapour  is  more  difficult  of  attainment,  and    «ie 
process,  which  necessitates  the  most  delicate  manipulation,  is  as  follows   ~  — 
A  thin,  clean,  dry,  glass  globe,  about  three  inches  in  diameter,  is  emploj-^^Ji 
its  neck  is  drawn  out  into  a  fine  tube  in  the  blow-pipe  flame,  and  the  ves^^I 
is  accurately  weighed,  and  the  temperature  and   pressure  at  the  momc^ft 
accurately  noted.     By  gently  heating  the  bulb  and  dipping  the  atlenuaC*^, 
opening  into  the  volatile  liquid  whose  vapour  is  to  be  weighed,  a  suiut",^ 
quantity  (say  loo  grains)  is  driven  into  the  globe  by  the  pressure  of  the  »Ji- 
Attaching  a  handle  by  means  of  wire,  the  sphere  is  plunged  into  an  oil  bil^- 
furnished  with  a  thermometer,  and  is-then  heated  somewhat  above  its  voladtJ-^" 
ing  point.     When  all  vapour  has  ceased  to  issue  from  the  globe,  the  orifice     ^ 
hermetically  sealed,  and  the  temperature  and  pressure  again  noted.     Tt^^ 
apparatus  is  allowed  to  cool,  separated  from  the  handle,  cleansed,  weighe^^i 
and  the  weight  noted.    The  last  step  is  to  break  off  a  fragment  of  the  ne«i=k-  I 
beneath  the  surface  of  a  sufficiently  large  vessel  of  mercury,  when,  shoa-"B<l 
the  experiment  have  been  carefully  performed,  the  liquid  enters  the  gloh*  ^r 
completely  filling  it,  and  the  capacity  is  ascertained  by  emptying  its  conten«^ts  i 
into  a'graduated  glass  measure.     If  any  residual  air  remain  in  the  globe,        i*  , 
must  be  also  measured  and  subsequently  allowed  for,  but,  supposing  l'Mr»e 
experiment  to  have  been  perfectly  successful,  we  have  the  following  five  data : ' 


I.  Weight  of  globe  filled  with  air. 

z.  Temperature  and  pressure  at  the  time  of  weighing. 

3.  Weight  of  globe,  plus  vapour. 

4.  Temperature  and  pressure  at  sealing. 

5.  Capacity  of  the  globe. 
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Proceeding  from  these  data,  the  first  point  is  to  find  the  actual  weight 
the  globe.  This  is  done  by  calculating  the  capacity  of  the  globe  from  ^h« 
temperature  and  pressure  at  the  time  of  weighing  lo  0°  C.  and  760  mm.  t>^tr. 
and  then  multiplying  the  true  volume  thus  found  by  001295,  which  '^  *-li^ 
weight  of  a  cubic  centimetre  of  air  (i  litre  at  0°  C.  and  760  mm.  bar.  =  i'^95 
gramme).  Having  thus  obtained  the  weight  of  the  air,  it  is  deducted  from  the 
weight  of  globe  and  air,  and  the  difference  gives  the  true  weight  of  the  glol>e  '• 
and  by  deducting  this  latter  from  the  weight  of  the  globe  plus  vapour,  *** 
obtain  the  actual  weight  of  the  vapour.  But  as  this  weight  is  that  of  ti^ 
volume  of  vapour  at  the  temperature  and  pressure  at  the  moment  of  sealing'' 
it  must  be  corrected  to  standard  temperature  and  pressure,  and  the  weight  O* 
an  equal  volume  of  hydrogen  ascertained.  To  do  this,  the  capacity  of  tb* 
globe  is  once  more  put  down  and  reduced  from  the  temperature  and  pressttl* 
at  sealing  to  0°  C.  and  760  ram.  bar.,  and  the  resulting  volume  is  mullipliea 
by  "0000895  which  is  the  weight  of  i  cubic  centimetre  of  hydrogen  (i  litre 
at  0°  C.  and  760  mm.  bar.  =  -0896  gramme).  The  product,  which  gives  t***? 
actual  weight  of  an  equivalent  volume  of  hydrogen,  is  then  taken  and  divide^ 
into  the  weight  of  the  vapour  already  found,  and  the  answer  is  the  de 
Talcing  for  example  an  experiment  on  the  vapour  density  of  acetic  acid 
which  the  data  were  : — 


1.  Weight  of  globe  +  air,  12-486  grammes. 

2.  Temp,  and  bar.  at  weighing,  15°  C.  and  765  mm.  bar, 

3.  Temp,  and  bar.  at  sealifig,  140°  C.  and  765  mm.  bar. 

4.  Weight  of  globe  +  vapour,  i2"632  grammes. 

5.  Capacity  of  globe,  265-4  cubic  1 


densl^^— 


r.  What  would  be  the  true  volume  at 
measured  at  15° C.  and  765  mm.  bar? 


'C.  and  ;6o  mm.  bar.,  of  265-4  * 


CRYSTALLIZATION.  M 

a.  \Vhat  is  the  weight  of  ^SJ'J  cc.  of  air,  at  o"  C.  and  760  mm,  bar.  ?  \ 

253-2  X  -ooiigs  =  -328  gramme.  1 

3,  Knowing  now  the  actual  weight  of  the  air  enclosed  at  the  time'ol  ] 
vreighing  was  '328,  what  was  the  true  weight  of  the  globe  ? 

12-486- '323  =  i2'i58.  I 

4,  Knowing  thus  the  true  weight  of  the  glass,  what  weight  of  vapour  wag 
ID  it  at  the  moment  of  sealing?  ' 

12-632-  1 2-1 58  =  -47 4  weight  of  vapour, 

5,  At  sealing  we  had  265-4  cc.  of  vapour  at  140°  C,  and  765  mm.  bar., 
how  much  woiJil  that  be  at  o''  C.  and  760  mm,  bar.  ?  J 

273^765.265-4     ^^.^^^  I 

<273  X  140J  X  760      '  1 

6,  Knowing  now  the  true  amoiinl  of  vapour  in  the  globe,  what  would  tho;^ 
volume  weigh,  if  it  had  been  hydrogen?  '■ 

i76'6  <  ■0000896  =  -0158  gramme.  ■ 

7,  But  this  volume  of  vapour  really  weighed  -474  gramme,  therefore : —       ■ 

and  the  vapour  density  of  acetic  acid  is  therefore  30.  ^^^J 

XIV.   CRYSTALLIZATION.  1^1 

Many  substances  when  dissolved  in  a  boiling  liquid  separate  out  in  ma^es 
as  sooD  as  the  fluid  cools.  Such  masses  have  a  well-dehned  and  symmetrical 
shape,  bounded  by  plain  surfaces  and  regular  angles.  These  bodies  are 
named  ciyBtaUine ;  the  deposited  masses,  crystals ;  and  the  remaining  soltt  _ 
tion,  the  mother  liquor.  Substances  which  are  not  susceptible  of  crystalliia- J 
tion  are  called  amorphoni  {i.e.,  formless)  bodies ;  while  solids,  sudi  as  glucfl 
and  gums,  which  are  soluble  in  water  and  yet  not  crystal lizable  are  named  ^ 
eoUoida.  Crystallization  may  also  occur  during  solidification  after  fusion,  and 
by  the  spontaneous  evaporation  of  liquids  holding  cr)-stalline  substances  in 
solution.  All  crystalline  bodies  invariably  assume  the  same  fonn,  and  may 
thus  be  unmistakably  recognised  from  each  other.  The  process  is  also  useful 
for  purification,  as  at  the  moment  of  crystallization  all  impurities  are  rejected, 
and  may  be  poured  off  with  the  mother  liquor.  Many  circumstances  affect 
the  sixe  of  the  crystals  produced  in  any  solution ;  as  a  rule,  the  more  rapidly 
CiysUtllizatioD  takes  place,  the  smaller  are  the  crystals.  An  example  of  the 
extreme  variation  in  the  size  of  the  crystals  produced  from  the  same  solution 
may  be  seen  in  ferrous  sulphate.  \Vhen  allowed  to  deposit  slowly,  we  have 
the  ordinarji  well-marked  crystals  of  the  ferti  sulp/uti  of  the  B,P. ;  but  the 
same  salt  dissolved  in  boiling  water,  and  the  solution  suddenly  poured,  with 
constant  stirring,  into  spirit,  gives  the  B.P.  /trri  sulphas  granu/afit,  whose 
crystals  are  so  minute  that  a  lens  is  required  to  distinguish  them.  For  the 
formation  of  large  and  welWefincd  crystals  perfect  rest  is  required,  and  it  is 
often  desirable  to  introduce  pieces  of  wood  or  siring  so  as  to  form  nuclei  on 
which  the  crystals  collect,  (lood  examples  are  seen  in  commercial  crystallized 
sugar-ofmilk  and  sugar-candy.  Some  bodies  are  capable  of  crystallizing  in 
two  or  more  forms,  and  arc  called  polTmorphoiu,    A  very  interesting  and 
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beautiful  instance  of  this  property  may  be  seen  in  mercuric  iodide,  the 
hydrargyri  iodidum  rubrum  of  the  B.P.  As  .commonly  sold,  this  is  a  red 
powder,  and  perfectly  amorphous.  If  a  little  of  it  be  heated,  it  becomes 
yellow,  and  when  examined  by  means  Of  a  lens  is  found  to  consist  of  minute 
rhombic  plates.  Let  it  now  be  touched  with  a  cold  knife  and  its  red  colour 
will  return,  but  instead  of  being  amorpbons,  as  it  was  originally^  it  exhibits  a 
mass  of  diamond-shaped  grains,  called  octahednk  Many  substances  on 
crystallizing  combine  with  a  certain  amount  of  water,  which  would  indeed 
appear  to  be  necessary  to  their  existence  in  the  crystalline  state.  The  water 
thus  appropriated  is  named  water  of  crystallisatioA ;  it  may  be  driven  off  by 
heat  and  the  substance  crumbles  into  amorphous  powder.  The  colour  ot 
many  crystalline  bodies  is  also  apparently  dependent  oa  the  water  of  crystal- 
lization. Take  a  crystal  of  the  well-known  deep  blue  cupric  sulphate,  and 
heat  it  in  a  small  porcelain  crucible,  when  it  will  subside  into  a  white  powder 
entirely  destitute  of  crystalline  form.  But  on  cooling,  if  a  drop  or  two  ot 
water  be  added,  the  powder  will  immediately  reassume  its  crystalline  form, 
and  regain  its  original  blue  colour.  Early  in  the  present  century  a  relation 
called  isomorphism  was  discovered  to  exist  between  crystalline  form  and 
chemical  composition.  Certain  substances  exist  which  resemble  each  other 
both  in  the  shape  of  their  crystals  and  in  their  general  chemical  composition, 
differing  perhaps  only  in  one  ingredient.  Such  bodies  are  said  to  be 
isomorphons  with  each  other.  This  relation  is  exemplified  in  magnesium^ 
zinc,  and  ferrous  sulphates,  which  when  crystallized  are  alike  in  form,  in  the 
amount  of  water  of  crystallization,  ^nd  in  their  general  chemical  constitution  : — 

Magnesium  sulphate MgSO^yHgO. 

Zinc  sulphate ZnS047H20. 

Ferrous  sulphate FeSO^yHoO. 

All  crystalline  substances  possess  forms  belonging  to  one  of  six  chief 
systems.  These  systems  are  based  upon  the  mutual  relations  of  certain 
imaginary  lines  called  axes^  which  are  supposed  to  run  through  the  body  ot 
the  crystal,  intersecting  each  other  at  its  centre.  These  six  systems  of  crystal- 
lization may  be  briefly  mentioned. 

1.  The  regular,  or  cubic  system,  in  which  the  axes  are  all  equal  in  length, 

and  at  right  angles  to  each  other.  To  this  belong  the  cube  (sodium 
chloride,  potassium  iodide,  and  potassium  bromide) ;  and  the  octo- 
hedron,  including  alum  and  the  diamond. 

2.  The  square  prismatic  system,  in  which  the  axes  are  also  at  right  angles, 

but  one  is  longer  or  shorter  than  the  other  twa.  Potassium  ferro- 
cyanide  is  an  example. 

3.  The  hexagonal  system,  having  four  axes,  three  equal  in  length,  and  in  the 

same  plane ;  and  one  unequal  and  at  right  angles  to  the  other  three. 
Examples  :  ice,  sodium  nitrate,  and  the  mineral  called  quartz. 

4.  The  rhombic  system,  in  which  there  are  three  axes,  all  at  right  angles  to 

each  other,  but  all  differing  in  length.  Potassium  nitrate  is  an  example 
of  this  class. 

5.  The  monoclinic  system  has  three  axes,  all  unequal,  two  being  oblique 

while  the  third  is  at  right  angles  to  the  plane  of  the  other  two.  To 
this  system  belong  sodium  phosphate,  sodium  carbonate,  cane-sugar, 
borax,  and  the  isomorphous  sulphates  of  zinc  and  magnesium  as  well 
as  iron. 

6.  The  triclinic  system,  in  which  the  three  axes  are  all  different  in  length, 

and  intersect  each  other  obliquely.  Cupric  sulphate  and  potassium 
acid  chromate  are  examples. 


SPECmU.lf  ANAi.YS/S. 

When  small  quantities  of  crystalline  substances  exist  ia  a  solution  togethet 
with  a  large  quantity  of  uncrystallizable  colloid  bodies,  their  mutual  scjtaratio 
is  affected  by  dialysis.  This  process  consists  in  introducing  the  mixture  inia  ^ 
a  glass  vessel  having  a  bottom  made  of  vegetable  parchment.  This,  called 
the  difilyier,  is  floated  in  a  large  quantity  of  distilled  water  in  a  basio.  At 
the  expitalioo  of  several  hours  the  whole  of  the  crystalline  bodies  will  have 
passed  through  the  parchment, and  will  have  become  dissolved  in  the  water  in 
the  basin,  while  the  colloids  remain  in  the  dialyzer.  A  vecy  good  way  of  - 
practising  this  process  is  to  dialyze  a  solution  of  glue  in  which  a  few  grains  ot 
aalt  have  been  dissolved,  when  the  salt  will  be  found  to  have  passed  into  the 
water  in  the  basin,  while  all  the  glue  will  remain  behind.  This  process  is 
sometimes  employed  for  the  separation  of  crystalline  poison,  like  strychnia, 
from  the  contents  of  a  stomach. 


XV.  SPECTRUM  ASALTSIS. 

In  describing  this  extremely  delicate,  and  for  many  purposes  exceedingly! 
useful,  method  of  analysis,  it  may  be  advantageous  to  give  a  few  words  i£\ 
preliminary  explanation.  Liglit  is,  according  to  the  modern  theory,  con* 
sidered  to  be  a  series  of  undulations  passing  through  space  with  immense 
lapidity,  and  acting  ujxm  the  retina  of  the  eye,  but  not  necessarily  u|i»n  the 
thermometer.  These  undulations  always  pass  in  straight  lines,  which  are 
popularly  kno^vn  as  rays,  and  the  velocity  of  their  passage  is  so  great 
that  light  has  been  calculated  to  travel  at  the  rate  of  300,000  miles  a 
second. 

When  a  my  of  light  touches  the  boundary  line  between  a  rarer  and  a  denser 
medium,  such  as  the  surtace  of  a  mirror,  a  part  of  it  is  thrown  backwards  at 
an  angle  equal  lo  that  at  which  it  strikes  the  denser  medium :  this  change  in 
direction  is  called  refiection,  the  law  being  slated  as,  that  the  angle  of  inci- 
dence is  equal  to  the  angle  of  reflection.  Usually  a  portion  of  [he  ray  is  not 
refiected,  but  passes  through  the  denser  medium ;  although  under  some 
special  circumstances  the  whole  is  thrown  back. 

BeCraction  is  the  change  in  direction  which  a  ray  of  light  undergoes  oa  , 
passing  at  an  angle  through  a  transparent  medium  denser  than  t^c  air,  tbc  sidos  { 
of  which  are  parallel,  such  as  a  sheet  of  glass.  When  the  lay  falls  upon  ths  < 
glass,  it  is  bent  from  its  course,  and  emerges  from  the  other  side  of  the  glaas  ' 
ia  a  line  j^iarallel  to,  but  not  continuous  with,  its  original  course.  As  a  rule, 
the  denser  the  medium  the  greater  is  the  bending,  or  refraction,  whidi  the  ray 
undergoes, 

A  prism  is  a  triangular  piece  of  glass,  or  other  suitable  transparent  mcdiunt, 
which  from  the  fact  of  its  wdes  not  being  parallel,  possesses  the  power  ot 
oo«iple\ely  altering  the  direction  of  a  ray  of  light,  as  well  as  bending  it  from 
its  course.  When  a  ray  of  sunlight  is  allowed  to  pass  through  a  prism,  it  is 
thas  dellected  and  dispenfd  into  a  number  of  rays  differing  in  their  degree  of 
le&angibility.  When  these  ra)'s,  as  they  pass  from  tlie  prism,  are  caused  to 
fitll  upon  a  white  surface,  they  are  observed  to  have  a  marked  ditfcrence  in 
colour.  The  image  so  produced  is  called  a  spectrum ;  and  when  sunlight  ii 
thus  treated  it  is  (ound  to  give  a  spectrum  Gonsisting  of  the  following  colours :  ■' 
vix.,  violet,  indigo,  blue,  green,  yellow,  orange,  and  red,  which  may  always  be  J 
neclianicaily  recollected  by  the  word  vitgyer. 

I'he  violet  end  of  the  spectrum,  owin^  to  its  greater  refrangibility,  is  alwj 
the  nearer  to  the  base  or  broad  end  of  the  prism. 

By  this  means  of  separating  the  rays  of  light,  we  are  able  lo  aM:ert.'UD  tl 
peculiar  properties  of  each  of  the  colours  which  go  to  compose  it,  n 
that  the  chemical  activity  of  light  resides  chiefly  in  the  most  highly  n 
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rays  just  outside  the  violet  end  of  the  visible  spectrum,  which  are  cali«d  the 
actinic  rays  ;  while  on  the  other  hand,  the  heat  transmitted  by  the  sun  is  moB 
felt  at  the  opposite  or  red  end  of  the  spectrum. 

The  actinic  or  chemical  rays  are  those  to  which  we  are  mainly  indebted  for 
many  actions  of  chemical  interest,  such  as  the  effect  of  the  sun  in  photogtiidiyi 
the  formation  of  green  colouring  matter  in  plants,  and  the  explosion  of  chloriM 
and  hydrogen  by  sun-iight  These  rays  may  be  rendered  visible  by  pasang 
them  through  a  solution  of  quinine  in  dilute  sulphuric  acid,  which  possews 
the  property  of  causing  the  phenomenon  of  flaorescence,  i.e.,  the  so  lessoiicg 
the  re&angibility  of  the  chemical  rays  as  to  render  them  visible  as  a  pale  bine 
sheen  when  the  quinine  solution  is  held  up  to  the  sunlight 

The  invisible  rays  beyond  the  red  end  are  entirely  heat-giving.  They  sre 
called  the  HerscheUian  rays,  and  may  be  separated  by  passing  light  ihrougii  a 
prism  of  rock  salt  coated  with  iodine,  which  quite  cuts  off  light  and  alloira 
heat  to  pass.  On  the  other  hand  a  solution  of  alum  cuts  off  heat,  and  vms- 
mits  light.  ^Vhen  the  heat  rays  are  allowed  to  fall  on  a  piece  of  blackened 
platinum  or  charcoal  in  vacuo  these  bodies  become  heated  to  whiteness,  ibos 
exhibiting  what  is  called  calorescence. 

Further  research  demonstrated,  that  if  we  substituted  the  light  emitted  from 
various  bodies  in  a  state  of  incandescence  to  the  action  of  a  prism,  the  image 
or  sJSectrum  produced  varied  in  each  case,  and  was,  moreover,  almost  cha- 
racteristic of  the  particular  bodies  employed.  This  discovery  led  to  the 
invention  of  the  spectroscope,  which,  in  its  simplest  form,  consists  <rf  * 
metallic  diaphragm  with  a  narrow  slit,  through  which  a  ray  of  light  from  the 
burning  body  is  allowed  to  pass  and  is  condensed  by  a  lens  upon  a  prism  of 
glass  or,  better  still,  a  triangular  bottle  of  thin  glass  filled  with  disulphide  at 
carbon.  At  the  opposite  side  of  the  prism  is  a  short  telescope,  so  arraiged 
that  an  observer,  looking  through  it,  sees  the  spectrum  or  image  prodtictd  by 
the  light  after  passing  through  the  prism. 

When  ordinary  solar  light  is  examined  through  the  spectroscope,  a  nund"*^ 
of  dark  lines  are  found  crossing  the  image  at  certain  fixed  points.     Theya** 
called  "  Frauenhofer'B  lines  "  and  their  position  is  characteristic  of  siinlig***- 
It  has  been  proved  that  such  lines  are  only  formed  when  the  source  of  lig*'' 
contains  volatile  substances,  as  we  find  that  the  light  emitted  by  a  non-volsB^* 
heated  body  gives  a  continuous  image  devoid  of  lines.     If;  for  examplC'  * 
platinum  wire  be  heated  to  a  high  temperature  in  a  fiunsen  burner,  and  **** 
light  thus  produced  be  e.vamined,  no  lines  will  be  visible  ;  but  if  the  wire  ^ 
now  tipped  with  a  fragment  of  sodium  chloride,  and  once  more  ignited*  * 
bright  line  will  suddenly  appear  in  the  yellow  of  the  spectrum,  and  in-    ^ 
dazzling  a  manner  as  to  render  the  whole  of  the  rest  of  the  image  ahP*'* 
invisible.    In  carr>'ing  out  this  system  of  analysis  therefore,  it  is  only  njccsS^^ 
to  procure  a  perfectly  clean  piece  of  platinum  wire,  with  one  end  bent  if^ 
the  form  of  a  loop,  and  place  a  Bunsen  gas  burner  in  such  a  position  that  **** 
rays  from  anything  heated  in  it  will  pass  into  the  spectroscope.     The  wir^  J^ 
then  to  be  moistened  with  a  little  hydrochloric  acid,  and  having  been  dipf?^ 
in  the  substance  to  be  examined,  is  to  be  held  in  the  hottest  portion  of  **" 
Bunsen  flame,  and  its  spectrum  simultaneously  observed  through  the  spec*^ 
scope,  noting  carefully  the  colour,  number,  and  position  of  the  bright  lines  J^?*'! 
duced,     \Vhen  thus  examined,  we  find  that  potassium  exhibits  one  bright  **^ 
in  the  red,  and  one  in  the  blue ;  lithium,  one  bright  line  in  the  yellow,  and  ■*=>** 
more  brilliant  in  the  red ;  strontium,  one  blue,  one  orange,  and  six  red  lic^^^ 
barium,  a  number  of  lines  chiefly  green  and  yellow ;  calcium,  three  dist-*-**- 
brighi  yellow  lines,  one  within  green,  and  some  broad  but  indistinct  one^^  J 
the  orange  and  red ;  and  lastly,  sodium,  the  single  bright  yellow  line  alre--=^ 
mentioned. 


CIRCULjIR  polarization— the  SACCHARl meter. 

It  is  impossible  in  our  limited  space  to  go  more  deeply  into  this  subject, 
except  to  explain  that  in  absorption  spectra,  whicli  are  produced  by  the 
passE^e  of  light  through  certain  incandescent  vapours  and  coloured  liquids, 
the  bright  lines  are  not  seen,  hut  dark  ones  are  formed  instead     The  dark  J 
lines  of  the  solar  spectrum  are  examples  of  such  absorption  bands,  being  J 
doubtless  caused  by  the  passage  of  the  light  through  the  vapour  surrounding] 
the  sun.     By  means  of  such  absorption  spectra  tlie  presence  of  tile  smallest  J 
quantities  of  bloodstains  on  clothes  may  be  detected  for  medico-legal  pur-f 
poses  and  the  genuine  colouring  matter  of  wines  may  be  distinguished  from  ] 
pigments    fraudulently  introduced.       Excellent  special    treatises   have   be^nJ 
written  on  this  subject. 


X7I.   ANALYSIS  BF  CIRCULAR  POLARIZATION. 

THE  SACCHARIMETEE. 

Crystals  which  do  not  belong  to  the  regular  system  {notably  calx  spar),il 
possess  the  power  of  lUmble  refraction,  That  is  to  say,  when  a  ray  of  light  J 
falls  upon  them,  it  is  divided  into  two  rays,  one  of  which  follows  the  ordinary 
rule  of  refraction,  while  the  other  takes  a  totally  different  course.  When  these 
two  rays  are  examined,  they  are  found  to  differ  in  their  behaviour :  the  one 
being  capable  of  reflection  by  any  suitable  medium,  while  the  other,  when 
presented  to  the  same  medium,  refuses  to  be  reilected,  but  is  entirely  tt&ns- 
mitted.  Light  when  thus  modified  is  said  to  be  polarized,  and  the  two  rays 
are  called  respectively  the  "  ordinary  "  and  the  "  extraordinary  "  ray.  Light 
may  be  also  polarized  by  reflection  from  a  piece  of  glass  held  at  an  angle  of 
56°  45',  and  indeed  everything  *vhich  interferes  with  the  unrestricted  coiu^e  of 
a  beam  of  light  polarizes,  to  a  greater  or  less  extent.  The  most  convenient 
polarizing  medium  is  what  is  cailed  a  "  Nicol's  prism."  It  is  composed  of 
a  crystal  of  calx  spar  cut  into  two  portions  in  the  direction  of  its  axis,  and  the 
two  parts  thus  obtained  cemented  together  with  Canada  balsam.  When  a  beam  I 
of  light  enters  the  prism,  it  is  polarised  by  <Cn^firit  portion  of  the  crystal,  and  ! 
the  extraordinary  ray  only  passes  through  the  aecond  portion  to  the  eye  of  the  I 
observer ;  while  the  ordinary  ray  is  completely  reflected  away  by  the  layer  o£  I 
Canada  balsam,  and  so  lost  to  view.  If  the  extraordinary  ray  of  polarized  f 
light  thus  obtained  be  examined  by  means  of  another  Nicol's  prism,  it  will  be 
found  that  when  the  two  prisms  are  placed  witli  the  principal  sections  parallel 
to  each  other,  the  ray  will  pass  freely ;  but  if  the  second  prism  be  then  turned 
round  so  that  its  chief  section  is  at  right  angles  to  that  of  the  first,  the  polar- 
ized ray  will  in  turn  be  entirely  reflected  from  the  layer  of  balsam,  and  no 
light  will  now  reach  the  observer's  eye.  This  holds  good,  so  long  as  nothing 
intervenes  between  the  two  prisms ;  but  it  has  been  foimd  that  certain  bodies, 
such  as  sugar  or  quartz,  possess  the  power,  when  interposed  between  the 
crossed  prisms,  of  once  more  rendering  the  ray  visible,  and  the  observer  finds 
that  he  has  to  turn  the  second  prism  still  farther  round  to  again  produce  total 
djtrkncss.  Such  substances  are  said  to  possess  the  power  of  circular  polai- 
isation,  cither  in  a  "  right-handed  "  or  "  left-handed  "  direction,  according  as  it 
is  necessary  to  turn  the  prism  either  to  the  right  or  lefi  from  its  proper  position 
to  once  more  produce  complete  reflection  of  the  polarized  ray.  Circular  or 
rotary  polarization  was  first  observed  by  Arago  ;  and  the  two  remarkable  phe- 
nomena by  which  it  is  characterized,  are  called  dextro- and  IsTO- gyration;  from 
whence  are  derived  the  adjectives  deztrogyritn  and  IsTOgyrite.  The  diiec- 
tion  of  the  rotation  is  indicated  by  the  use  of  arrows,  thus  :  ^  v.  Cane-sugar, 
camphor,  tartaric  acid,  cinchonlne,  castor  oil,  croton  oIl„and  oil  of  lonons 
rotate  the  plane  of  the  polarized  ray  to  the  right ;  while  grapc-iu"' 
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morphine,  and  oils  of  turpenrine  and  valerian,  cause  a  left-handed  ; 
The  amount  of  this  rotation  is  fixed  for  each  body,  and  increases  ' 
quantity  of  the  substance  present  in  a  given  volume  of  solulion,  and  a 
die  colour  of  the  light  employed,  being  least  with  red  and  increasing  in  rpgiilaf 
order  with  yellow,  green,  blue,  and  violet,  with  which  latter  it  is  most  marked. 
The  chief  application  of  circular  polarization  is  to  the  analysis  of  sugar  solo.- 
tions,  and  the  process  is  performed  by  means  of  the  saccharimeter. 
instrument  in  its  simplest  form  consists  of  two  Nicol's  prisms ;  the  onet 
which  the  light  first  passes  being  called  the  poUriier,  and  that  ti 
eye  of  the  observer  is  applied  being  denommated  the  anatyaer. 
having  been  turned  until  darkness  is  obtained,  the  solution  to  be  analt'^e 
placed  bet«-een  them  in  a  clear  glass  tube  i  o  inches  in  length  and  the  analyzer 
is  once  more  turned  until  darkness  is  obtamed.  The  angle  through  which  the 
prism  has  been  turned  is  then  read  off. from  an  approximate  index  and  seal* 
attached,  and  the  amount  of  sugar  calculated-  An  improved  appaialus,  in- 
vented by  M.  Soleil,  is  at  present  used,  in  which,  instead  of  working  from  ligl** 
to  darktiess,  the  colours  produced  by  a  pair  of  plates  of  quartz  are  utilised*  * 
.  description  of  which  will  be  found  in  any  good  work  on  Physics. 


XVn.  ELECTROLYSIS. 


Xlectricity  is  one  of  the  most  powerful  analytic  forces  with  which    tl>* 
chemist  has  to  deal.     Its  nature  is  less  understood  than  that  of  the  kindx"'^ 
forces  of  light  and  heat ;  but  it  is  believed  to  be  merely  an  aspect  of    tb* 
particles  of  matter  towards  one  anolher,  by  virtue  of  which  a  dual  force  is  ma*'* 
evident,  manifesting  itself  in  attractions  and  repulsions,  and  by  praduci»>4 
chemical  action  accompanied  frequently  by  effects  of  light  and  heat.     It  l*^^ 
two  forms,   the  one  termed  statical,  and  characterized  by  great  deatUty  *" 
tension,  so  that  it  readily  escapes  by  sparks  ;  the  other  dynajnic,  or  curr^^^ 
electricity,  which  has  a  low  tension  but  which  can  readily  be  obtained     ** 
enormous  quantities.     The  former  is  that  produced  ujx>n  amber,  resin,  gloJT^ 
sulphur,  etc.,  by  friction  with  such  bodies  as  silk  and  flannel  j  and  we  h^-"*^ 
naerely  local  sensations  when  it  passes  through  the  body.     On  the  other  h»**T 
a  galvanic  current  d^ect  from  a  battery  passes  through  the  body  with  st»^^ 
difficulty  that  we  have  no  sensation.     When  a  coil  inteneoes,  we  have   C*** 
well-known  "  electric  shock  "  since  this  augments  the  tension,  or  power  of  o*"**^. 
coming  obstacles  which  resist  its  passage.     A  simple  piece  of  electric  appa^*"^^" 
tus  formerly  employed  to  produce  a  spark  for  the  purpose  of  exploding  g»^*^j 
was  the  electrophomB,  which  however  is  now  superseded  by  the  joint  us^       j 
the  battery  and  induction  coil.     It  consisted  of  a  sheet  of  resin  upon  a  m^*^ 
plate,  and  a  brass  disc  furnished  with  a  knob  and  a  glass  handle.     The  r^^^^!^ 
was  excited  by  nibbing  with  flannel  or  a  cat«kin,  the  disc  placed  oo  it,  and  «-*'^ 
knob,  when  touched,  gave  a  spark  to  any  body  connected  with  the  earth.  ^ 

Current  electricity,  of  far  greater  importance,  results  from  the  action  ^^. 
chemical  j^nts  upon  various  metals,  the  apparatus  in  its  simplest  form  be^^S 
called  a  voltaic  or  galvajiic  cell  or  element,  and  a  combination  of  several  c^^^^ 
being  termed  a  battery. 

A  galvanic  element  has  several  forms  ;  that  of  Grove,  which  is  very  eat*^"^^ 
sively  used  and  of  great  power,  consists  of  an  outer  cell  or  jar  of  gla^^*^ 
earthenware  in  which  is  placed  a  cylinder  of  zinc,  an  inner  unglaied  jwrc::^^-^^ 
jar,  and  a  sheet  of  jilatinum,  both  metals  furnished  ivith  binding-sews^*'^ 
for  attaching  wires  to  tliem.  The  acids  used  arc  dilute  sulphuric  arou--^,^ 
the  zinc,  and  strong  nitric  in  contact  with  the  platinum  in  the  inner 
ITic  zinc  constitutes   the   positive   (or  most    atlackedX  the  platinum 
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ilivc  {or  least  aliackcd)  metal;  but  when  wires  are  attached  Co  tliesc 
•nd  tipped  with  platinum,  the  end  of  the  wire  connected  with  the  Ein< 
■Kmicd  the  negatiYe  electrode,  whilst  that  in  union  nilh  the  platinum  in  _... 
batlery,  is  the  positive  electrode.  To  explain  this  apparent  comradiction  we 
MiiEt  imagine  that  the  current  generated  by  the  zinc  passes  through  the  fluid 
«  tic  cell  and  then  through  the  platinum,  while  at  the  same  time  an  oppoale 
ftnrcnt  Is  generated  from  the  platinum  through  the  liquid  to  the  zinc,  and 
ibtw  the  effect  of  each  current  is  felt  at  the  ends  of  the  wires  from  the  oppo- 
«tc  plate.  These  platinum  electrodes  (sometimes  called  poles),  when  placed 
near  one  another  in  a  compound  liquid,  occasion  the  phenomena  of  electro- 
IpBia,  which  is  simply  the  splitting  up  of  conductors  of  electricity  into  iheir 
Clements  or  into  simpler  forms.  For  instance,  a  solution  of  HCl  gives  off  CI 
**  the  positive  electrode  and  the  H  at  the  negative,  as  a  result  of  the  axiom 
thst  unlike  electricities  attract  and  like  repel  one  another,  CI  itself  being 
clectto-negative  and  H  electro-ijositive.  Dealing  with  HjSO,  we  get  H,  at 
electrode  and  SO^  at  the  other,  the  latter  however  at  once  splitting  up 
into  0  (given  off)  and  SO3,  which  re-forms  H„SO,^  with  the  water  present. 
This  action  is  taken  advantage  of  in  the  voltameter,  an  instrument  for 
"neasuring  the  strength  of  an  electric  current  by  the  amount  of  mixed  gases 
{H-  and  O)  it  will  liberate  from  water.  The  instrument  is  a.  wide  glass  lube 
^lAciuated  in  inches  and  fractions.  It  is  tilled  with  acidulated  water  and 
ttjveited  over  the  twxi  electrodes,  when  the  two  gases  form  and  gradually 
•displace  the  water  from  the  tube.  Sometimes  separate  tubes  are  used,  one 
t^^er  the  negative  electrode,  to  collect  the  hydrogen,  and  the  other  over  the 
Pt*»itive,  to  collect  the  oxygen.  The  strength  of  the  current  is  proportional  lo 
toe  quantity  of  gases  set  free  within  a  given  time.  It  is  somewhat  remarkable 
™at  all  the  bubbles  of  gas  arise  from  the  surfaces  of  the  electrodes  themselves 
^d  none  from  the  intervening  liquid.  This  is  accounted  for  by  supposing 
^a*  when  one  of  the  gases, — say  H, — is  given  off  at  one  electrode,  the  O  prc- 
^Ousiy  united  with  it  seizes  the  H  of  an  adjoining  molecule  of  H3O  and 
™t»s  sets  free'O  to  combine  with  the  next  H,  until  the  last  O  reaches  the 
•Sccnd  electrode  and  escapes.  When  sparks  and  strong  heating  effects  (such 
**  in  the  electric  light,  which  is  produced  when  two  electrodes  of  carbon  are 
■Pproached  so  as  nearly  to  touch  each  other)  are  desired,  a  nrimber  of  cells 
^i^nt  be  used  ;  but  for  the  purpose  of  exploding  gases  the  expense  of  these  is 
'^^ed  by  employing  an  inductipn  coil.  The  principle  of  this  instrument  is,  that 
""CQ  an  inicmipled  current  of  low  tension, — in  fact  a  series  of  charges, — is 
P*de  to  pass  into  a  coil  of  thick  insulated  copper  wire,  surrounded  by  a  much 
.•'_eer  coil  of  thin  wire  also  carefully  insulated,  electricity  of  high  tension, 
8*viiig  iQpg  anj  powerful  sparks,  is  produced  by  induction. 


XVin.  PYROLOGY. 

Under  this  name  are  included  all  processes  of  analysis  depending  for  their 
^tiQD  lyj^  ,jjg  Qsg  (jf  (5fg_  Q[.^  jj,  other  words,  what  were  formerly  called  "  re- 
^*^ns  in  the  dry  way."  The  chief  instruments  used  are  the  blow-pipe  and 
r*^  Bunsen  burner.  The  blowpipe  is  a  tube  with  a  narrow  nozzle,  by  which 
Continuous  current  of  air  can  be  passed  into  an  ordinary  dame.  The  ordi- 
rr*!V  gas  flame  consists  of  three  parts,  {a)  A  non-luminous  nucleus  in  trie 
'***tre.  (i)  A  luminous  cone  surrounding  this  nucleus;  and  (<")  An  outer 
T^**  only  slightly  luminous  cone  surrounding  the  whole  flame.  The  centre 
fi**tion  (a)  contains  unaltered  gas,  which  cannot  burn  for  want  of  oxygen; 
f*^*  necessary  element  being  cut  off  by  the  outer  zones.  In  the  middle  por- 
\b)  the  gas  comes  in  contact  with  a  certain  amount  of  oxygen,  but  not 
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enough  to  produce  complete  combustion;  and  therefore  it  is  chiefly  the 
hydrogen  which  bums  here,  the  carbon  separating  and,  by  becoming  intensely 
ignited,  giving  the  light  In  the  outer  zone  (c)  full  combustion  takes  place, 
and  the  extreme  of  heat  is  arrived  at,  because  chemical  action  is  most  intense. 
The  outer  flame^  therefore,  acts  readily  on  oxidizable  bodies  because  of  the 
high  temperature  and  the  unlimited  supply  of  air,  while  the  luminous  zone 
tends  to  take  away  oxygen  by  reason  of  the  excess  of  unbumed  carbon 
or  hydrocarbons  therein  existing.  For  these  reasons  the  former  is  called 
the  oxidiziiig  flame,  and  the  latter  the  reducing  flame.  The  great  analyst 
Fresenius  thus  describes  the  use  of  the  blowpipe  : — 

The  effect  of  blowing  a  fine  stream  of  air  across  a  flame  is,  first,  to  alter  the 
shape  of  the  flame,  as,  from  tending  upward,  it  is  now  driven  sideways  in  the 
direction  of  the  blast,  being  at  the  same  time  lengthened  and  narrowed ;  and, 
in  the  second  place,  to  extend  the  sphere  of  combustion  from  the  outer  to  the 
inner  part.  As  the  latter  circumstance  causes  an  extraordinary  increase  of  the 
heat  of  the  flame,  and  the  former  a  concentration  of  that  heat  within  narrower 
limits,  it  is  easy  to  understand  the  exceedingly  energetic  action  of  the  blow- 
pipe flame.  The  way  of  holding  the  blowpii>e  and  the  nature  of  the  blast  will 
always  depend  upon  the  precise  cfbject  in  view,  viz.,  whether  the  operator 
wants  a  reducing  or  an  oxidizing  flame.  The  easiest  way  of  producing  most 
efficient  flames  of  both  kinds  is  by  means  of  coal-gas  delivered  from  a  tube 
terminating  in  a  flat  top  with  a  somewhat  slanting  slit  -^  inch  long  and 
yf  ^  inch  wide ;  as  with  the  use  of  gas  the  operator  is  enabled  to  control  and 
regulate  not  only  the  blowpipe  flame,  but  the  gas  stream  also.  The  task  of 
keeping  the  blowpipe  steadily  in  the  proper  position  may  be  greatly  facilitated 
by  firmly  resting  that  instrument  upon  some  movable  support. 

The  reducing  flame  is  produced  by  keeping  the  jet  of  the  blowpipe  just  on 
the  border  of  a  tolerably  strong  gas  flame,  and  driving  a  moderate  blast  across 
it.  The  resulting  mixture  of  the  air  with  the  gas  is  only  imperfect,  and  there 
remains  between  the  inner  bluish  part  of  the  flame  and  the  outer  barely  visible 
part  a  luminous  and  reducing  zone,  of  which  the  hottest  point  lies  somewhat 
beyond  the  apex  of  the  inner  cone.  To  produce  the  oxidizing  flame,  the  gas 
is  lowered,  the  jet  of  the  blowpipe  pushed  a  little  further  into  the  flame,  and 
the  strength  of  the  current  somewhat  increased.  This  serves  to  effect  an  inti- 
mate mixture  of  the  air  and  gas,  and  an  inner  pointed,  bluish  cone,  slightly 
luminous  towards  the  apex  is  formed,  and  surrounded  by  a  thin,  pointed, 
light-bluish,  barely  visible  mantle.  The  hottest  part  of  the  flame  is  at  the 
apex  of  the  inner  cone.  Difficultly  fusible  bodies  are  exposed  to  this  part  to 
effect  their  fusion ;  but  bodies  to  be  oxidized  are  held  a  little  beyond  the 
apex,  that  there  may  be  no  want  of  air  for  their  combustion. 

The  current  is  produced  by  the  cheek  muscles  alone,  and  not  with  the 
lungs.  The  way  of  doing  this  may  be  easily  acquired  by  practising  for  some 
time  to  breathe  quietly  with  puffed-up  cheeks  and  with  the  blowpipe  between 
the  lips ;  with  practice  and  patience  the  student  will  soon  be  able  to  produce 
an  even  and  uninterrupted  current. 

The  supports  on  which  substances  are  exposed  to  the  blowpipe  flame  are 
generally  either  wood  charcoal,  or  platinum  wire  or  foil. 

Charcoal  supports  are  used  principally  in  the  reduction  of  metallic  oxides, 
etc.,  or  in  trying  the  fusibility  of  bodies.  The  substances  to  be  operated 
upon  are  put  into  small  conical  cavities  scooped  out  with  a  penknife  or  with 
a  Htt^,e  tin  tube.  Metals  that  are  volatile  at  the  heat  of  the  reducing  flame 
evaporate  wholly  or  in  part  upon  the  reduction  of  their  oxides ;  in  passing 
through  the  outer  flame  the  metallic  fumes  are  re-oxidized,  and  the  oxide 
formed  is  deposited  around  the  portion  of  matter  upon  the  support  Such 
deposits  are  called  incrustations.     Many  of  these  exhibit  characteristic  colours 
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ling  lo  the  detection  or  the  metals.  Thorough ly-bu ml  and  smooth  pieces  | 
oT  charcoal  only  should  be  selected  for  supports  in  biowpiije  experimcnis,  as  I 
trnperfeclly-burnt  and  knotty  pieces  are  apt  to  spirt  and  throw  off  the  matter  j 
placed  on  them.  I 

The  great  use  of  charcoal  lies  (i)  in  its  low  degree  of  conductivity ;  (i)  its  | 
porosity,  which  causes  it  to  absorb  fusible  bodies  and  leave  infusible  ones  1 
ipon   its  surface ;   and   (3)  its  power  of  aiding  the  effects  of  the  reducing  I 

Platuism  wire  and  foil  are  used  for  supports  in  the  oxidizing  flame,  and 
e  former  is  specially  employed  for  trying  the  action  of  fluxes  and  the  colour 
'mrounicable  to  the  blowpipe  or  Bunsen  flame.  The  platinum  wire,  when 
nployed  for  making  beads  of  borax  or  other  fluxes,  should  be  about  3  to  4 
.cKes  long  with  the  end  twisted  into  a  small  loop.  The  loop  is  then  heated, 
and  dippeil  while  hot  in  the  powdered  borax,  when  it  takes  up  a  quantity 
»rhich  is  then  heated  till  it  fuses  to  a  clear  bead  formed  within  the  loop, 
WTien  cold,  this  is  moistened  and  dipped  in  the  powder  to  be  tested,  and 
Again  exposed  to  the  flame,  and  the  effect  noted.  For  trying  the  colour  ini- 
l*artable  to  the  flame  by  certain  metals,  the  wire  is  first  cleaned  by  boiling  in  ' 
dilute  nitric  acid  and  then  holding  it  in  the  flame  until  no  colour  is  obtained. 
The  loop  is  then  dipped  in  the  solution  to  be  tested,  and  held  near  the  flame 
tUI  ihe  adhering  drop  has  evaporated  to  dryness,  and  then  heated  in  the  man-  I 
tt*S  of  the  flame  near  the  apex  of  the  inner  cone,  and  the  effect  observed,  1 

The  Bonsea  burner  consists  of  a  tube  having  at  its  base  a  series  of  holes  i 
*0  admit  air,  and  also  a  small  gas  delivery  tube.  By  means  of  this  contrivance  ] 
the  gas  is  mixed  with  air  before  it  bums,  and  more  perfect  oxidation,  and 
^consequently  much  greater  heat,  is  secured.  Looking  attentively  at  the  flame 
*•*"  a  Bunsen  burner,  we  distinguish  in  it  an  inner  part  and  two  mantles  sur 
•funding  iL  The  inner  part  corresponds  to  the  dark  nucleus  of  the  common 
^^  flame,  and  contains  the  mixture  of  gas  and  air  issuing  from  the  burner. 
'^"e  mantle  immediately  surrounding  the  inner  part  contains  still  some  un- 
f^osumed  carbide  of  hydrogen  ;  the  outer  mantle,  which  looks  bluer  and  less 
IWniinous,  consists  of  the  last  products  of  combustion.  This  hottest  part, — lying 
'**  the  mantles  surrounding  the  inner  part  of  the  flame,  in  a  zone  extending 
*  'e^v  hundredths  of  an  inch  upwards  and  downwards  from  the  transverse 
^ction  of  the  flame  across  the  apex  of  the  inner  part,— has,  according  to 
ftUnscn's  calculation,  a  temperature  of  4172°  F.  This  is  termed  the  tone  of 
P***ok.  The  outer  margin  of  this  zone  of  fusion  acts  as  oxidi%ing  ftame,  the 
Wrier  part  of  it  as  reducing  flame.  The  spot  where  the  reducing  action  is 
"^  most  powerful  and  energetic  lies  immediately  above  the  apex  of  the  inner 
^^Ty  of  Ihe  flame.  The  Bunsen  flame  brings  out  the  coloration  which  many 
***t>stances  impart  to  flames,  and  by  which  the  qualitative  analyst  can  detect 
f^ariy  bodies,  even  though  present  in  such  minute  quantities  that  all  other 
^^^.ns  of  analysis  except  the  spectroscope  fail  to  discover  them,  The  subject 
■  the  coloration  of  flames  will  be  discussed  fully  under  each  metal. 


CHAPTER    II. 
DETECTION  AND  SEPARATION  OF  THE  METALS. 


For  the  purposes  of  qualitative  analysis,  we  employ  certain  chemicals  either 
in  the  solid  or  liquid  state,  which  by  producing  given  effects  enable  us  to 
detect  the  existence  of  the  substance  searched  for.  These  substances  are 
always  kept  ready  for  use,  and  are  called  reagents.  They  are  of  three  classes  : 
I  St.  Group  reagents,  which,  by  yielding  a  precipitate  under  certain  condi- 
tions, prove  the  substance  to  be  a  member  of  a  certain  group  of  bodies. 
2nd.  Separatory  reagents,  by  means  of  which  the  substance  under  examination 
is  distinguished  from  the  other  members  of  the  group.  3rd.  Confirmatory 
reagents,  by  which  the  indications  previously  obtained  are  confirmed  and 
rendered  certain. 

The  Metals  are  divided  into  five  groups,  each  of  which  has  its  group 
reagent,  as  follows :  — 

Group  i.  Metals,  the  chlorides  of  which,  being  insoluble  in  water,  are  precipi- 
tated from  their  solution  by  the  addition  of  hydrochloric  acid.  They 
are  silver,  mercnrous  mercury,  and  lead  (the  latter  in  cold  strong 
solutions  only). 

Group  2.  Metals,  the  sulphides  of  which,  being  insoluble  in  dilute  hydro- 
chloric acid,  are  precipitated  from  their  solutions  by  the  addition  of 
sulphuretted  hydrogen  in  the  presence  of  hydrochloric  acid.  This 
group  includes  mercury,  lead,  bismuth,  copper,  cadmium,  antimony, 
tin,  gold,  platinum,  and  the  metalloid  arsenic,  and  is  divided  into  two 
sub-groups,  as  follows  : — 

A.  Metals,  the  sulphides  of  which  are  insoluble  in  both  dilute 
hydrochloric  acid  and  ammonium  sulphide.  The  precipitated  sul- 
phides separated  by  sulphuretted  hydrogen,  are  therefore  insoluble 
after  washing  in  ammonium  sulphide.  They  are  mercury,  lead, 
bismuth,  copper,  and  cadmium. 

B.  Metals,  the  sulphides  of  which,  although  insoluble  in  dilute 
acids,  are  dissolved  by  alkalies,  and  the  precipitates  from  their  solu- 
tions by  sulphuretted  hydrogen,  therefore  dissolve  in  ammonium 
sulphide.    They  are  gold,  platinum,  tin,  antimony,  and  arsenic. 

Group  3.  Embraces  those  metals,  the  sulphides  of  which  are  soluble  in  dilute 
TPfcids,  but  are  insoluble  in  alkalies,  and  which  consequently  having 
escaped  precipitation  in  Group  2,  are  now  in  turn  precipitated  by 
ammonium  sulphide.  They  are  iron,  nickel,  cobalt,  manganese,  and 
zinc.  In  this  group  are  likewise  included  aluminium  and  chromium, 
which  are  precipitated  as  hydrates  by  the  alkalinity  of  the  ammonium 
sulphide.  Magnesium  would  also  be  precipitated  as  hydrate,  but  as 
that  would  be  inconvenient  at  this  stage,  its  precipitation  is  prevented 
by  the  addition  of  ammonium  chloride,  in  which  its  hydrate  is 
soluble. 
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Group  4.  Comprises  meUls,  the  chlorides  and  sulphides  of  which,  being  I 
soluble,  escape  precipitin  ion  in  the  former  groups,  but  the  carbonates  | 
of  which,  being  insoluble  iD  water,  are  now  precipitated  by  antmoiuiuit 
carbonate.    They  are  baiiam,  strontiiuu,  and  calcium,     lla^aesitus 
is  not  precipitated  as  carbonate  owing  to  the  presence  of  the  ammoniain 
ebloride,  already  added  with  the  sulphide  in  Group  3. 

Group  5.  Includes  metals,  the  chlorides,  sulphides,  and  carbonates  of  which, 

being  soluble  in  water  or  in  ammoniiim  chloride,  are  not  precipitated 

by  any  of  the  reagents  already  nieiitiont'd.     They  consist  of  mafse- 

airnn,  lithiom,  potOBsiiiin,  sodium,  and  ammoDiam. 

As  the  analytical  grouping  of  the  metals  is  undoubtedly  one  which  is  most 

important   to  the  student  for  practical  purposes,  we   shall  adhere  to  this  I 

arrangement  in  giving  the  methods  for  the  detection  and  analydcal  separatioa  | 

of  the  metals  used  in  Phamiacy. 
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Metals  precipitable  as  ciilorideB  by  the  addition  of  hydrochloric  acid  to  1 
th«r  solutions. 

L  SILVER  (Ag). 

{a)    WET  REACTIONS. 

(To  be  practised  upon  a  solution  of  argentic  nitrate — AgNO^) 

1.  HCl  {_\sl  group  reagrttt)  or  any  soluble  chloride  gives  a  curdy  white  pre--l 

cipitate  of  argenlic  chloride — AgCl — insoluble  in  boiling  nitric  acid  | 
but  instantly  soluble  in  ammonimti  hydrate.  It  is  also  soluble  in  KCy,  j 
Na.jSjOj,  and  in  strorg  solutions  of  soluble  chlorides.  1 

2.  EHO  or  HaHO  both  produce  a  brownish  precipitate  of  ai^entlc  oxide^  I 

AggO,  insoluble  in  excess.  A  similar  effect  is  produced  by  the  hydrates  I 
of  barium,  strontiiun,  and  calcium.  1 

3.  EjCrOj  gives  a  red  precipitate  of  argentic  chromate — Ag^CrO, — soluble  J 

in  large  excess  of  both  nitric  acid  and  ammonium  hydrate  ;  and  there- 1 
fore  the  solution  should  always  be  as  neutral  as  possible. 

4.  HjS  and  KH^HS,  both  produce  blad:  argenlic  suljihide — AgjS — ^insolublft^ 

in  excess,  but  soluble  in  strong  boiling  nitric  acid. 

5.  EI  and  EBr  both  produce  curdy  precipitates,  the  former  yellow  argeDtie  1 

iodide— Ag I— insoluble  in  ammonium  hytlrate,  and  the  latter  argmtiC  1 
bromide — AgBr — dirty-white  and  slowly  soluble  in  ammonium  hydrate^  I 

6.  KCy  gives  a  curdy-white  precipitate  of  argentic  cyanide — AgCy — readily  J 

soluble  in  excess,  and  also  in  boiling  strong  nitric  acid.  I 

7.  Many  organic  salts,  such  as  formates  and  tartrates,  boiled  with  solutions  ol  I 

silver,  precipitate  the  metal  as  a, mirror  on  the  tube.  I 

8.  Fragments  of  copper,  zinc,  iron,  and  tin  introduced  into  a  solution  ot  I 

silver,  all  precipitate  the  metal.  f 

{/■)  DRV  REACTION.  j 

(To  be  practised  on  argentic  oxide — AgjO.) 
Mixed  with  sodium  carbonate  and  heated  on  charcoal  before  the  blowpipe. 
a  bead  of  silver  is  formed,  hard,  glistening,  and  soluble  in  nitric  acid,  yicldmg 
solution  of  argenlic  nitrate  to  which  the  wet  tests  may  be  applied, 

(e)  SEPARATION. 
On  adding  hydrochloric  acid,  silver  is  precipitated  ss  chloride  together 
wiA  the  chlorides  of  mercurous  mercury  anal]         ~" 
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in  solution.  By  washing  the  precipitate  with  boiling  water,  the  plumbic 
chloride  is  dissolved  out,  and  the  residue  is  then  treated  with  ammonium 
hydrate,  which  dissolves  out  the  argentic  chloride,  and  leaves  mer6urous 
oxide  on  the  filter.  The  filtrate  on  dilution  and  acidulation  with  nitric  acid, 
redeposits  the  argentic  chloride  in  a  pure  condition. 


IL  MEBCUBOSXTH  (Hgs)^ 

(a)  WET  REACTIONS. 

(To  be  practised  on  a  solution  of  mercurous  nitrate — (Hg2)^2NOs — ^prepared 
by  acting  upon  a  globule  of  mercury  with  cold  and  dilute  nitric  acid,  so  as 
not  quite  to  entirely  dissolve  the  metal.) 

1.  HCl  (ist  group  reagent)  gives  a  white  precipitate  of  mercurous  chloride, 

—  (Hg2)^Cl2'  —  turned  to  black  mercuros-ammonium  chloride  — 
NH2(Hg2)''Cr — ^by  ammonium  hydrate.  It  is  also  insoluble  in  boiling 
water,  but  soluble  in  strong  nitric  acid,  being  converted  into  a  mixture 
of  mercuric  chloride — HgClj — and  mercuric  nitrate — Hg2N03. 

2.  KHO  and  NaHO  both  give  black  precipitaties  of  mercurous  oxide — HggO — 

insoluble  in  excess. 

3.  NH4HO  produces  a  black  precipitate  of  dimercuros-ammonium  nitrate — 

2NH2(Hg2)"N03H20 — also  insoluble  in  excess. 

4.  SnCLj  boiled  with  the  solution  causes  a  grey  precipitate  of  finely  divided 

mercury,  which  if  allowed  to  settle  and  then  boiled  with  hydrochloric 
acid  and  some  more  stannous  chloride,  aggregates  into  a  globule. 

(b)  DRY  REACTION. 

(To  be  tried  upon  mercurous  iodide,  hydrargyri  iodidum  viride,  B.P.) 

Mercurous  compounds  heated,  break  up  into  the  corresponding  mercuric 
salt,  which  sublimes,  and  metallic  mercury,  which  also  sublimes  at  a  higher 
temperature. 

{c)  SEPARATION. 

The  addition  of  hydrochloric  acid  separates  merciurous  mercury  from  all 
other  metals  except  silver  and  lead.  The  precipitated  chlorides,  having  been 
washed  free  from  lead  by  boiling  water,  are  treated  with  ammonium  hydrate, 
which  dissolves  the  argentic  chloride  and  leaves  the  mercury  on  the  filter  as 
black  mercuros-ammonium  chloride. 


m.  LEAD  (Pb). 

{a)  WET  REACTIONS. 
(To  be  practised  on  a  solution  of  plumbic  acetate — Pb2C2H302.) 

1.  HCl  {ist  group  reagent)  forms  in  cold  strong  solutions  a  white  precipitate 

of  plumbic  chloride — PbClj — soluble  in  boiling  water. 

2.  HjS  after  acidulation  by  HCl  {2nd  group  reagent)  gives  a  black  pre- 

cipitate of  plumbic  sulphide — PbS— insoluble  in  ammonium  sulphide. 
By  treatment  with  boiling  strong  nitric  acid  it  is  decomposed,  partly 
into  plumbic  nitrate,  but  chiefly  into  insoluble  plumbic  sulphate.  It 
is  entirely  dissolved  by  hot  dilute  nitric  acid  with  separation  of  sulphur. 

3.  H2SO4  gives  a  white  precipitate  of  plumbic  sulphate — PbSO^ — slightly 

soluble  in  water,  but  rendered  entirely  insoluble  by  the  addition  of  a 
little  alcohol.    It  is  decomposed  by  boiling  strong  hydrochloric  acid. 
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and  is  also  freely  soluble  in  solutions  of  ammonium  acetate  or  tartrate, 
cont^ning  an  excess  of  ammonium  hydrate. 

4.  KjCrO,  gives  a  yellow  precipitate  of  plumbic  chrotnate — PbCrO^ — in- 

soluble in  acetic  and  very  dilute  nitric  acids,  but  soluble  in  strong 
boiling  nitric  acid.  1 

5.  KL  gives  a  yellow  precipitate  of  plumbic  iodide— Pblj — soluble  in  boiling  1 

water,  and  crystallizing  out  on  cooling  in  golden  scales. 

6.  EHO  and  NaSO  both  cause   white  precipiiales  of  plumbic  hydrate — 

PbiHO — soluble  in  excess,  forming  potassium  or  sodium  plumbates 
— KjPbOs  and  Na^PbOj. 

7.  NH,HOcausesawhiteprecipitatcof  a  white  basic  nitrate — Pb{NOj)HO — 

soluble  in  excess. 

8.  KCy  produces  a  white  precipitate  of  plumbic  cyanide — PbCyj — ^insoluble 

in  excess,  but  soluble  in  dilute  nitric  acid. 

9.  Alkaline     Carbonates      cause     a     precipitate     of     "white     lead"— 

(PbCOj)3pb2HO — insoluble  in  excess,  and  also  in  potassium  cyanide,  j 
■o.  Fragments  of  zinc  or  iron  in  the  presence  of  a  little  acetic  acid  cause  tbC' j 
separation  of  metallic  lead  in  crystalline  laminae. 

(_b)  DRY  REACTION. 

(To  be  practised  on  red  lead — PbjO, — or  litharge — PbO.) 

Healed  on  charcoal  in  the  inner  blow-pipe  flame,  a  bead  of  metallic  lead  is 

formed,  which  is  soft  and  malleable  and  soluble  in  dilute  nitric  add.    The 

solurion  thus  obtained  gives  the  wet  tests  for  lead. 

(0  SEPARATION. 
On-adding  hydrochloric-acid,  a  great  part  of  the  lead  present  will  pre- 
cipitate out  as  chloride,  and  may  be  separated  from  silver  and  mercurosum 
by  washing  the  precipitate  with  boiling  water,  and  testing  in  the  solution  with  . 
potassium  chroroate.    The  solution  filtered  from  the  hydrochloric  acid  pre-1 
cipitate  is  then  treated  with  e.\cess  of  sulphuretted  hydrogen,  which  precipitalM'l 
the  remainder  of  the  lead  together  with  Hg,  Bi,  Cu,  Cd.  As,  Sb,  Sn,  An^  I 
and  Pt.     The  precipitate  is  well  washed  free  from  chlorides,  and  is  diCB  X 
digested  in  water  containing  ammoniuni  sulphide,  which  dissolves  evijrythiiu 
except  Hg,  Pb,  Bi,  Cn,  and  Cd,  left  insoluble  as  sulphides.     These  raixej 
sulphides  are  then  heated  with  strong  nitric  acid  till  red  fumes  cease^  a  few 
drops  of  sulphuric  acid  added,  the  whole  washed  in  a  test-tube  with  a  little 
water,  cooled,  and  mixed  with  an  equal  bulk  of  rectified  spirit.     Any  pre- 
cipitate will  now  consist  only  of  mercuric  sulphide  and  plumbic  sulphate,  the 
Bi,  Cu,  and  Cd  passing  into  solution.     The  precipitate  is  filtered  out  and 
percolated  with  ammonium  acetate  containing  excess  of  ammonium  hydrate, 
wl^pn  the  plumbic  sulphate  dissolves  and  is  tested  for  in  the  liquid  which 
passes  through  by  adding  potassium  chromate. 


GROUP  n. 

Metals  which  are  not  affected  by  acidulation  with  hydrochloric  acid,  but  are 
precipitated  by  passing  sulphuretted  hydrogen  through  the  acidulated  solution. 

Diviiion  A. 

^teuls  which  when  precipitated  by  sulphuretted  hydrogen  as  above,  yiel 
sulphides  insoluble  in  ammonium  sulptitde. 


;jo  DETECTION  AND  SEPARATION  OF  THE  METALS. 

L  MEBCITBICITX  (Eg). 

(a)  WET  REACTIONS. 
(To  be  practised  on  a  solution  of  merairic  chloride — I]^Clj|.) 

1.  'Ej&after  dcidulation  by  HGl  (2«//  ^''^  rmgeni)  gives  a  black    pre- 

cipitate of  mercuric  sulphide — Hj^ — msoitible  in  ammomum  sulphide 
and  nitric  acid,  and  only  soluble  in  nitro-hj^drochloric  acid  Care 
must  be  taken  that  the  sulphuretted  hydrogen  is  )>a8sed  really  in  excess^ 
and  that  the  whole  is  warmed  gently,  as  unless  this  be  done,  the  pre- 
cipitate is  not  the  true  sulphide,  but  a  yellowisb-brown  dimercuric 
sdpho-dichloride — Hg2SCl2.  Although  insoluble  in  any  single  acid, 
mercuric  sulphide  may  be  caused  to  dissolve  in  hydrodiloric  acid  by 
the  addition  of  a  crystal  of  potassium  chlorate. 

2.  KHO  or  NaHO  both  give  a  yellow  precipitate  of  mercnric  oxide — HgO — 

insoluble  in  excess. 

3.  VH^HO  produces  a  white  precipitate  of  an  insoluUe  mercur-ammonium 

chloride — (NH9Hg)Cl — also  insoluble  in  excess. 

4.  KI  yields  a  red  precipitate  of  mercuric  iodide,  soluble  in  excess  of  both 

the  precipitant  and  of  the  mercuric  salt 

5.  SnClg,  boiled  with  a  mercuric  solution,  first  precipitates  mercurous  chloride, 

and  then  forms  metallic  mercury,  as  in  the  case  of  mercurosum  com- 
pounds. 

6.  Alkaline  Carbonates  (except  ammonium  carbonate)  produce  an  immediate 

reddish-brown  precipitate  of  mercuric  oxy-carbonate. 

7.  Fragments  of  Cu,  Zn,  or  Fe  precipitate  metallic  mercury  in  the  presence 

of  dilute  hydrochloric  acid. 

{b)  DRY  REACTION. 

(To  be  tried  on  mercuric  oxide — HgO — and  on  "  Ethiops  mineral " — HgS.) 

All  compounds  of  mercury  are  volatile  by  heat.  The  oxide  breaking  up 
into  oxygen  and  mercury,  which  sublimes,  while  the  sulphide  sublimes  unaltered, 
unless  previously  mixed  with  sodium  carbonate  or  some  reducing  agent 

{c)  SEPARATION. 

By  acidulating  with  hydrochloric  acid,  and  passing  sulphuretted  hydrogen, 
then  washing  the  precipitate  carefully  with  boiling  water  till  free  from  chlorides^ 
and  lastly  digesting  it  in  water  containing  some  ammonium  sulphide,  we 
obtain  mercuric  sulphide  associated  only  with  the  sulphides  of  Pb,  Bi,  Cu, 
and  Cd.  The  precipitate  is  then  treated  with  a  little  strong  nitric  acid,  which 
dissolves  all  except  the  HgS.  By  washing  into  a  test-tube,  adding  a  few 
drops  of  sulphuric  acid,  and  then  an  equal  volume  of  rectified  spirit,  Qie  HgS 
is  deposited,  mixed  possibly  with  PbS04.  If  these  be  filtered  out  and  ner- 
colated  with  ammonium  acetate  containing  excess  of  ammonium  hydrate,  the 
PbSO^  will  be  dissolved,  and  the  HgS  will  be  left  on  the  filter  as  a  black 
residue  ;  which  may  then  be  dissolved  in  hydrochloric  acid,  by  the  aid  of  a 
cr>'stal  of  potassium  chlorate,*  and  the  mercury  proved  in  the  solution,  by 
boiling  with  stannous  chloride. 

n  BISMUTH  (Bi). 

(a)  WET  REACTIONS. 

(To  be  practised  upon  bismuthi  subnitras,  B.P.,  dissolved  in  water  by  the 
aid  of  the  smallest  possible  quantity  of  nitric  acid,  and  any  excess  of  the  latter 
carefully  boiled  off.) 


MERCURICUM— BISMUTH— COPPER. 

I.  Hj8  after  acidulation  by  HQ  {md group  rwigmt)  gives  3  black  precipitate 
of  bismuth  sulphide — Bt»S,,— insoluble  in  ammonium  sulphide,  but 
soluble  in  boiling  nitric  acid. 

3.  E^[  gives  no  jireppitaie  (distinction  from  lead). 

3.  ITH4HO,  KHO,  and  HaHO  all  give  precipitates  of  while  bismuthous  hydrate 

— Bi^HO — insoluble  in  excess  and  becoming  converted  into  the 
yellow  oxide — BigOj— on  boiling. 

4.  H3O  in  excess  to  a  solution  from  which  the  free  acid  has  been  as  much  as 

possible  driven  off  by  boiling,  gives  a  white  precipitate  of  a  basic  salt 
of  bismuth.  This  reaction  is  more  delicate  in  the  presence  of  hydro- 
chloric than  of  nitric  acid ;  and  the  precipitate,  which  is  in  this  case 
bismuth  oxy-chloride — BiOCI — is  insoluble  in  tartaric  acid  (distinc- 
tion from  antimonious  oxy-chloride). 

5.  EjCiO,  yields  a  yellow  precipitate  of  bismuth  oxy-chromate— BijOgCrO, — 

soluble  in  dilute  nitric  acid,  but  not  in  potassium  hydrate  (distinction 
from  plumbic  chromate). 

6.  HJ  gives  a  bfown  bismuthous  iodide,  soluble  in  excess. 

7.  Alkaline  Carbonates  give  white  precipitates  of  bismuth  oxy-carbonalc, 

insoluble  in  excess. 

8.  Fragments  of  zinc  added  to  a  solution  of  bismuth  cause  a  deposit  of  ihi 

metal  as  a  dark  grey  powder. 

(/.)  DRY  REACTION. 
(To  be  practised  upon  biitimihi  subnitras,  B.P.) 

Mixed  with  sodium  carbonate  and  heated  on  charcoal  before  the  blonpip^ 
a'hard  bead  of  metallic  bismuth  is  produced,  and  the  surrounding  charcoal  is 
incrusted  with  a  coating  of  oxide,  deep  orange-yellow  while  hot  and  becoming 
paler  yellow  on  cooling. 

(<-)  SEPARATION. 

As  already  stated,  bismuth  is  precipitated  as  sulphide  by  the  action  ol 
sulphuretted  hydrogen  in  the  presence  of  hydrochloric  acid.  The  precipilale 
having  been  w.Tshed  and  digested  with  .ammonium  sulphide  is  then  heated 
in  a  small  basin  with  strong  nitric  acid,  and  the  wholp  having  been 
^vash*ed  into  a  test-tube  with  a  little  water,  a  few  drops  of  sulphuric  acid  arc 
added,  and  lastly,  after  cooling,  some  rectified  spirit.  This,  as  shown 
previously,  separates  the  mercury  and  lead,  leaving  only  Bi,  Cu,-  and  Cd  in 
•olution.  The  solution  is  then  mixed  with  excess  of  ammonium  hydrate, 
which  precipitates  the  bismuth  as  while  Bi^HO,  and  leaves  the  copper  and 
cadmium  in  solution.  By  filtering  out,  dissoli-ing  in  a  little  hj-drochloric  acid, 
and  pouring  into  water,  the  production  of  a  white  precipitate  entirely  confinn* 
the  presence  of  bismuth. 

m.  COKPEB  (Cn). 
[a)    WET  REACTIONS. 
(To  be  jiractised  with  a  solution  of  cupric  sulphate — CuSO,.) 
1.  HjS  after  acidulation  with  HCl  (tnd  group  rea^fit)  forms  a  precijiitate  of  ' 
brownish -black   cupric  sulphide — CuS — which  is  nearly  insoluble  in 
ammonium  sulphide  but  soluble  in  nitric  add.     Its  precipitation  is 
prevented  by  the  presence  of  i>olassium  cyanide  (distinction  from 
cadmium).     When  long  I'vpoicd  to  the  air  in  a  moist  Mali-,  ii  oxidises  j 

to  cupric  sulphate  and  dissoUes  sponiai 

a.  VH^HO  causes  a  pale  blue  ]>recipji.-itc  instantly  wlubic  in  excess,  ^i™ia( 
deepbluesolutionof  teiranmionitxupric  H  '  ' 
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3.  K^FeQyg  yields  a  chocolate-brown  precipitate    of  cupric  feiTocyamd< 

CugFeCyg.  »  This  test  is  very  delicate  and  is  not  affected  by  the 
presence  of  a  dilute  acid,  but  does  not  take  place  in  an  alkaline  liquid. 

4.  KHO  or  NaHO  precipitate  light-blue  cupric  hydrate — CU2HO — ^insoluble 

in  excess,  but  turning  to  black  cupric  oxy-hydrate — (CuO)2Cu2HO — 
on  boiling. 

5.  ENaC^H^Og  and  NaHO  added  successively,  the  latter  in  excess,  produce 

a  deep-blue  liquid  (Fehling's  solution),  which  when  boiled  with  a 
solution  of  glucose  (grape  sugar)  deposits  brick-red  cuprous  oxide — 
Cuj  O. 

6.  The  Alkaline  Carbonates  behave  like  their  respective  hydrates. 

7.  Fragments  of  zinc  or  iron  precipitate  metallic  copper  from  solutions  acidu- 

lated with  HCL 

ip)  DR  Y  RE  A  CTIONS. 

(To  be  practised  upon  cupric  oxide — CmO—ot  verdigris — CU3O2C2H3O2.) 

I.  Heated  with  Na^COg  and  KCy  on  charcoal,  in  the  inner  blowpipe  flame, 

red  scales  of  copper  are  formed. 
2  Heated  in  the  borax  bead  before  the  outer  blowpipe  flame,  colours  it  green 

while  hot,  and  blue  on  cooling.    By  carefully  moistening  the  bead  with 

SnClg  and  again  heating,  this  time  in  the  inner  flame,  a  red  colour 

is  produced. 

(c)  SEPARATION. 

The  addition  of  sulphuretted  hydrogen  in  the  presence  of  hydrochloric  acid 
determines  the  precipitation  of  copper,  together  with  the  other  sulphides  of 
the  2nd  group.  Successive  treatment  with  ammonium  sulphide,  nitric  acM, 
sulphuric  acid,  and  rectified  spirit,  as  already  shown  (see  ante),  eliminates  all 
but  Bi,  Cu,  and  Cd.  The  addition  of  excess  of  ammonium  hydrate  then 
separates  bismuth  and  produces  a  deep-blue  solution  if  copper  be  present. 

rV.  CADBOTTM  (Cd). 

(a)   WET  REACTIONS. 
(To  be  practised  with  a  solution  of  cadmium  iodide — Cdlg.) 

1.  HgS  a/f^  addulation  with  HCl  {2nd  group  reagent)  gives  a  yellow  precipitate 

of  cadmium  sulphide — CdS — insoluble  in  ammonium  sulphide,  but 
soluble  in  boiling  nitric  acid.  This  precipitate  does  not  form  readily 
in  presence  of  much  acid;  but  its  production  is  not  hindered  by 
the  addition  of  potassium  cyanide  (distinction  from  copper). 

2.  NH4HO  produces  a  white  precipitate  of  cadmium   hydrate — ^Cd2HO — 

soluble  in  excess. 

3.  KHO  or  NaHO  both  give  precipitates  of  cadmium  hydrate — Cd2H0  — 

insoluble  in  excess  (distinction  from  zinc). 

4.  Alkaline  Carbonates  precipitate  cadmium  carbonate — CdCOg — insoluble  in 

excess. 

{b)  DRY  REACTION. 

(To  be  practised  on  cadmium  carbonate — CdCOs.) 

Heated  on  charcoal  before  the  blowpipe,  a  brownish  incrustation  of  oxide 
is  produced,  owing  to  the  reduction  to  the  metal  and  its  subsequent  volatiliza- 
tion and  oxidation  by  the  outer  flame. 

{c)  SEPARATION. 

Cadmium  is  precipitated,  along  with  the  other  sulphides  of  the  2nd  group, 
by  the  action  of  sulphuretted  hydrogen  in  the  presence  of  a  slight  trace  of 
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hydrochloric  acid  The  precipitate  having  been  subjected  to  the  successive 
actions  of  ammonium  sulphide,  nitric  acid,  dilute  sulphuric  acid,  and  rectified 
spirit,  and  lastly  of  ammonium  hydrate,  all  as  abready  described  (see  ante\^t 
resulting  solution  can  only  contain  Cu  and  Cd.  If  the  solution  is  coloUrless, 
no  copper  is  present,  and  the  addition  of  ammonium  sulphide  will  produce 
the  cadmium  as  a  yellow  sulphide ;  but  if  the  solution  be  blue  (indicating 
copper),  then  potassium  cyanide  is  to  be  added  till  the  colour  is  discharged 
and  sulphuretted  hydrogen  passed,  which  will  then  precipitate  the  yellow 
cadmium  sulphide,  leaving  the  copper  in  solution. 


OBOUP  IL 

Bivinon  B. 

Metals  which  are  precipitated  by  sulphuretted  hydrogen  in  the  presence  of 
hydrochloric  acid,  but  yield  sulphides  which  are  soluble  in  ammonium  sulphide. 

L  ABSENIC  (Ab). 

(a)   WET  REAOriONS. 

(To  be  practised  with  a  solution  of  arsenious  anhydride  in  boiling  water 

slightly  acidulated  by  hydrochloric  acid.) 

1.  HjS,  after  acidulation  with  HCl,  causes  a  yellow  precipitate  of  arsenious 

sulphide — AsjS, — soluble  in  ammonium  sulphide,  forming  ammonium 
•sulpharsenite— (NH4)3AsS3 — ^but  insoluble  in  strong  boiling  hydro- 
chloric acid  (distinction  from  the  sulphides  of  Sb  and  Sn).  This  pre- 
cipitate is  also  soluble  in  cold  solution  of  official  carbonate  of  ammonia 
(distinction  from  the  sulphides  of  Sb,  Sn,  Au,  and  Pt).  Dried  and 
heated  in  a  small  tube  with  a  mixture  of  Na^COs  and  KCy,  it  yields 
a  mirror  of  arsenic 

2.  Boiled  with  KHO  and  a  fragment  qflijLt^  arseniuretted  hydrogen — ^AsHj — 

is  evolved,  which  stains  black  a  paper  moistened  with*  solution  of 
aigentic  nitrate  and  held  over  the  mouth  of  the  tube  during  the  ebulli- 
tion {Fieitmann^s  test). 

3.  Boiled  with  \  of  its  bulk  of  HCl  and  a  slip  of  Copper,  a  grey  coating  is 

deposited  on  the  copper  of  cupric  arsenide.  On  drying  the  copper 
carefully,  cutting  it  into  fragments,  and  heating  in  a  wide  tube,  a  crys- 
talline sublimate  of  arsenious  anhydride — AS9O3 — is  obtained,  which, 
when  dissolved  in  water,  gives  a  yellow  precipitate  of  argentic  arsenite 
— AgjAsOs — with  solution  of  ammonio-nitrate  of  silver  (Reinchs  test). 

4.  Placed  in  a  gas  bottle  furnished  with  a  jet,  together  with  dilute  sulphuric  or 

hydrochloric  acid  and  a  few  fragments  of  zinc,  arseniuretted  hydrogen — 
AsHj — is  evolved,  which  may  be  lighted  at  the  jet  and  bums  with  a 
lambent  flame,  producing  As^O^.  If  a  piece  of  cold  porcelain  be  held 
in  the  flame^  dark  spots  of  arsenic  are  obtained,  readily  volatile  by  heat 
and  soluble  in  solution  of  chlorinated  lime  (Marsh's  Test). 
Note. — For  reactions  of  anenites  and  arseniates,  see  Acidulous  Radicals. 

{b)  DR  Y  RE  A  CTION. 
(To  be  practised  on  arsenious  anhydride — ^AsjO^.) 

Heated  in  a  small  tube  with  Na<|COs  and  KCy,  a  mirmr  of  arsenic  is  pro- 
duced, accompanied  by  a  garlic-like  odour, 
with  black  flux. 

VOL,   II. 
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{c)  SEPARATION. 
■     By  passing  sulphuretted  hydrogen  in  the  presence  of  hj-diochioric  add, 
arsenious  sulphide  is  precipitated,  together  with  the  other  sulphides  of  the 
second  group.     The  precipitate  is  washed  and  digested  with  water  containing 
ammonium  sulphide,  which  dissolves  the  sulphides  of  As,  Sb,  Sn,  Au,  and  Pt~ 
The  solution  is  filtered,  and  a  slight  excess  of  HCi  having  been  added,  theses 
snlphides  are  reprecipitated.     The  precipitate  is  filtered  out  and  shaken  li"^ 
■with  a  cold  solution  of  official  carbonate  of  ammonia,  which  dissol\'es  oil9^^ 
the  arsenious  sulphide,  leaving  the  sulphides  of  Sb,  Sn,  Au,  and  Pt  insolubt  ^^i 
Trom  this  solution,  after  filtration,  the  arsenious  sulphide  may  be  reptecipitat^^^" 
"by  hydrochloric  acid,  dried,  and  confinned  by  heating  with  NojCOj  and  KC^-— y» 
and  getting  a  mirror  of  arsenic  on  the  tube. 

n.  AHTmOBT  (Bh). 
(a)  WET  REACTIONS. 

(To  be  practised  with  a  solution  of  antimonium  tartaratum,  B.P.) 

1.  H5S,  after  acidulaiton  by  HCI  causes  an  orange  precipitate  of 

sulphide — SbjSj — soluble  tn  ammonium  sulphide,  forming 
sulphantimonite — (NH,)33bSj — also  soluble  in  strong  boiling  hydr< 
chloric  acid,  forming  antimonious  chloride— SbCla— but  insoluble  \ 
cold  solution  of  ofhcial  carbonate  of  ammonia. 

2.  £H0  and  NaHO  produce  precipitates  of  antimonious  oxide  readily  solubl 

in  excess  to  form  antimonites  {KgSbOj  or  NajSbOj). 
J.  Acidulated  with  HCI  and  introduced  into  a  platiunm  dish  with  a/od  < 
zinc  so  held  that  it  touches  the  platinum  outside  the  liquid,  a  blac 
stain  of  metallic  antimony  is  produced  closely  adherent  to  the  platinuir 
This  stain  is  not  dissolved  by  HC!  (tin  reduced  in  the  same  mann- 
is  granular  and  soluble  in  boiling  HCI), 

4.  Beinch'g  test  (see  arsenic)  produces  a  black  coating  on  the  copper,  whii 

when  heated,  forms  an  amorphous  sublimate  of  Sb^Oj  dose  to  the  ec^ 
and  insoluble  in  water,  but  dissolved  by  a  solution  of  cream  of  tartar 
which  HjS  then  produces  the  characteristic  orange  sulphide 

5.  Marsh's  test  (see  arsenic)  yields  stains  of  antimony  on  the  porcdain  n 

nearly  so  readily  volatile  by  heat  as  in  the  case  of  arsenic,  and  not  d 
charged  by  solution  of  chlorinated  lime. 

6.  Fleitmaim's  test  will  not  act  with  antimony  at  all  (distinction  from  aiseni- 

{b)  DRY  REACTION. 
(To  be  practised  on  antimonious  oxide — SbgOj). 

Heated  on  charcoal  with  NajCOj  and  KCy  before  the  blowpipe,  a  be 
of  metallic  antimony  is  formed  and  copious  white  fiimes  of  the  oxide  ■ 
produced. 

{c)  SEPARATION. 

Antimony  is  obtained  as  sulphide,  associated  only  with  As,  Sn,  Au,  and  \ 
by  precipitating  with  sulphuretted  hydrogen  in  the  presence  of  hydrocMo 
acid,  and  digesting  the  precipitate  in  water  containing  ammonium  sulphir 
The  solution  thus  obtained  yields  the  sulphides  on  acidulation  with  hydi 
chloric  acid,  and  by  shaking  them  up  with  solution  of  official  carbonate 
ammonia,  the  arsenic  is  dissolved  (see  ante).  The  precipiute,  which  can  c 
now  contain  the  sulphides  of  Sb,  Sn,  Au,  and  Pt,  is  boiled  with  strong  hy(_ 
chloric  acid,  which  dissolves  the  Sb  and  Sn  and  leaves  the  Au  and  Pt  insol 
ble.     The  solution  is  then  slightly  diluted  and  introduced  into  a  pladni 


ANTIMONY-^TIN'-'GOLD.  35 

dish,  and  a  rod  of  zinc  held  in  the  fluid  so  that  it  touches  the  platinum  out- 
side the  liquid,  when  both  the  metals  are  deposited, — the  Sb  as  a  black  stain 
closely  adhering  to  the  platinum,  and  the  Sn  in  the  form  of  granules.  Boiling 
with  strong  hycLrochloric  acid  will  then  dissolve  the  tin,  and  leave  the  antimony. 

nL  TIH  (Sn»  or  Sn*^). 

{a)  WET  REACTIONS. 

(To  be  practised  with  a  solution  of  stannous  chloride — SnCl^ — and  one  of 
stannic  chloride — SnCl4 — ^prepared.by  warming  the  stannous  solution  with 
a  little  nitric  acid.) 

1.  H3S,  after  addulation  with  HO,  produces  a  brown  or  yellow  precipitate 

of  SnS  or  SnS2  respectively,  both  soluble  in  ammonium  sulphide  and 
in  boiling  hydrochloric  add. 

2.  EHO  or  HaHO  both  produce  white  precipitates  of  Sn2H0  or  Sn4H0 

soluble  in  excess,  die  former  to  produce  stannites  and  the  latter  stan- 
nates.  The  stannous  solution  is,  however,  reprecipitable  on  boiling, 
while  the  stannic  is  not. 

3.  NH4?0  produces  similar  precipitates,  very  difficultly  soluble  in  excess. 

4.  Acidulated  by  HCl,  and  introduced  .into  a  platinum  dish  with  a  rod  of 

adnc  so  held  in  the  fluid  that  it  touches  the  platinum  outside  the  liquid, 
granules  of  metallic  tin  are  deposited,  soluble  in  boiling  HCl,  to  form 
stannous  chloride. 

5.  HgClg  boiled  with  stannous  salts,  deposits  a  grey  precipitate  of  metallic 

mercury. 

(P)  DR  Y  RE  A  CTION. 

(To  be  practised  on  putty  powder — SnOg.) 

Heated  on  charcoal  with  NajCOj  before  the  blowpipe,  a  bead  of  metallic 
tin  b  produced,  and  a  white  incrustation  of  oxide  is  formed  on  the  charcoal. 

{c)  SEPARATION 

The  separation  of  tin  has  ahready  been  described  in  connection  with  that 
of  antimony ;  and  it  is  only  necessary,  after  dissolving  the  granules  in  strong 
hydrochloric  acid,  to  prove  the  presence  of  Sn  by  boiling  with  mercuric 
chloride. 

IV.  GOLD  (An). 

{a)  WET  REACTIONS. 
(To  be  practised  with  a  solution  of  auric  chloride — AuClj.) 

1.  HoS  (group  reagent)  in  the  presence  of  HCl  gives  black  auric  sulphide 

— AujSs.  If  the  solution  be  hot,  aurous  sulphide — ^AugS — falls.  Both 
are  only  soluble  in  nitro-hydrochloric  acid,  but  they  are  soluble  in 
ammonium  sulphide  when  it  b  yellow. 

2.  NH4HO  precipitates  reddbh  ammonium  aurate,  or  fulminating  gcid — 

Au,(NH.)80j|— but  KHO  gives  no  result 

3.  H^CgO^  (or  f  eSO^)  when  boiled  with  an  add  solution  throws  down  Au. 

Reducing  agents  generally  act  thus.  The  liquid  containing  the  metal 
may  exhibit  a  blue,  green,  purple,  or  brown  colour. 

4.  SnClg  throws  down  a  brownisii  or  purplbh  predpitate,  known  as  '^  pu 

of  Cassius,"  consbting  of  the  mixed  oxides  of  ^Id  anr 

5.  Zn,  Co,  P^  Pt,  or  almost  any  metal,  give  a  predpits 

finely  divided  state. 
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{P)  DR  Y  RE  A  CTION. 
(To  be  practised  on  any  gold  salt) 
Heated  on  charcoal  with  Na^COj,  the  metal  is  produced. 

{c)  SEPARATION. 

Gold  is  separated  from  other  metals  with  great  readiness,  by  taking  advan- 
tage of  the  instability  of  its  salts.  To  an  acid  solution  oxalic  acid  or  ferrous 
sulphate  is  added  in  excess,  the  mixture  warmed  and  allowed  to  stand  twenty- 
four  hours,  when  all  the  gold  present  is  found  in  the  metallic  state  and  may  be 
filtered  out. 

V.  PLATINUM  (Ft). 

{a)  WET  REACTIONS. 
(To  be  tested  with  a  solution  of  platinic  chloride — PtCU.) 

1.  HoS  {2nd  group  reagent)  in  presence  of  HCl,  gives  a  brown  precipitate 

of  platinic  sulphide — PtS2.  This  precipitate  forms  slowly,  and  is 
readily  dissolved  by  yellow  ammonium  sulphide. 

2.  KCl  in  presence  of  HCl,  especially  after  addition  of  alcohol,  produces 

a  yellow  crystalline  precipitate  of  potassium  platinic  chloride — 
PtKgClg — soluble  to  a  moderate  extent  in  water,  but  not  in  alcohol. 
Decomposition  takes  place  when  this  is  strongly  heated,  metallic  Pt 
and  KCl  remaining. 

3.  NH^Cl  gives  a  precipitate  of  ammonium  platinic  chloride — Pt(NH4)2Cl<^, 

which  is  almost  identical  in  properties,  but  is  more  readily  decom- 
posed by  heat,  pure  platinum  remaining. 

4.  Zn,  Fe,  and  several  other  metals  decompose  platinic  salts  with  the  pro- 

duction of  the  metal. 

(b)  DRY  REACTION 

(To  be  practised  upon  potassium  platinic  chloride— PtKgClg.) 

Heat  on  charcoal,  with  or  without  NagCOs,  before  the  blow-pipe.  The  metal 
is  produced  by  reduction. 

{€)  SEPARATION 

Platinum  is  readily  separated  by  taking  advantage  of  the  fact  that  its 
compounds  with  potassium  or  ammonium  and  chlorine  are  insoluble  in  alco- 
hol. To  a  clear  solution  containing  the  Pt  as  chloride,  add  NH^Cl,  evapo- 
rate over  a  water  bath  till  the  mixture  be  dry,  add  a  little  water  and  evaporate 
again,  then  pour  over  some  methylated  spirit  and  a  drop  or  two  of  HCl.  On 
filtering,  all  other  metals  are  dissolved  out  as  chlorides,  leaving  the  Pt  salt 
alone  on  the  filter. 


GROUP    III. 

Metals  which  escape  precipitation  by  sulphuretted  hydrogen  in  presence 
of  hydrochloric  acid,  but  which  are  precipitated  by  ammonium  sulphide  in  the 
presence  of  ammonium  hydrate,  ammonium  chloride  having  been  previously 
added  to  prevent  the  precipitation  of  magnesium. 

Division  A. 

Metals  which,  in  the  ensured  absence  of  organic  matter^  are  precipitated  as 
hydrates  by  the  addition  of  the  ammonium  chloride  and  ammonium  hydrate 
only. 


P/^  TINlL\f—IROX. 


L  lEON  {Ferrous,  Fe ;  and/^mV,  Foj). 
(,()    WET  HE  ACTIONS. 

(To  be  practised  successively  on  solutions  of  ferrous  sulphate — FeSO^ — an^l 
ferric  chloride — FcjClj.) 

I.  NHjHO  in  the  presence  of  NH,a  {^oufi  reasmf)  yields  either  a  dirty- ^ 
green  precipitate  of  ferrous  hyitate — FeaHO — or  a  reddish-brown 
precipitate  of  ferric  hydrate — FcgeHO.  The  former  is  slightly  soluble 
in  excess,  but  the  latter  is  insoluble,  and  it  is  therefore  preferable 
always  to  warm  tJie  solution  with  a  little  nitric  acid,  to  ensure  the 
raising  of  the  iron  to  the  ferric  state,  before  adding  the  ammonium 
hydrate.  The  presence  of  organic  acids,  such  as  tartaric  or  citric, 
prevents  the  occurrence  of  this  reaction ;  and  therefore,  if  any  such 
admixture  be  suspected,  the  solution  should  liist  be  evaporated  to  dry- 
ness, the  residue  heated  to  redness,  and  then  dissolved  in  a  lijfle 
hydrochloric  acid,  heated  with  a  drop  or  two  of  nitric  acid,  diluted,  and 
lastly,  the  NH^Cl  and  NH^HO  added  and  boiled. 

3.  KHjHS,  added  to  a  neutral  or  alkaline  solution,  produces  a  precipitate 
of  ferrous  sulphide — FeS — which  is  black  (distinction  from  Al,  Ce, 
Cr,  Mn,  and  Zn),  and  readily  soluble  in  cold  diluted  hydrochloric 
acid  (distinction  from  the  black  sulphides  of  Nl  and  Co).  This  re- 
action takes  place  even  in  the  presence  of  organic  matter,  and  the 
precipitated  sulphide,  if  exposed  to  the  air,  gradually  oxidizes  to  ferrous 
sulphate — FeSO^ — and  disappears.  It  is  insoluble  in  acetic  add  (dis- 
tinction from  MnS). 

3,  KfFeC;^,  in  a  neutral  or  slightly  acid  solution,  gives,  with  ferrous  salts, 
a  white  precipitate  (rapidly  changing  to  pale  blue)  of  Everett's  sail — 
potassium  ferrous  ferrocyanidc — KjFcFeCyn — and  with  ferric  salts,  a 
dark  blue  precipitate  of  Prussian  blue — ferric  ferrocyanide  (Fej)j3FeCy(. 
These  precipitates  are  decomposed  by  alkalies,  producing  the 
hydrates  of  iron,  and  forming  a  ferrocyanide  of  the  alkali  in  solution ; 
but  the  addition  of  hydrochloric  acid  causes  the  re-formation  of  the 
original  precipitate.  • 

4-  E^FegCyj^gives,  with  ferrous  salts,  in  neutral  or  sl^hUy  add  solutions,  a  dark 
blue  precipitate  of  Turabull's  blue — ferrous  ferricyanide,  Fe^FeaCyu 
— but  with  ferric  salts  it  gives  no  precipitate,  simply  producing  a 
brownish  liquid.  With  alkidies,  Turabull's  blue  is  decomposed,  jicld- 
ing  black  fenoso-ferric  hydrate,  and  a  ferricyanide  of  the  alkali ;  but 
the  addition  of  hydrochloric  acid  reproduces  the  original  blue. 

5.  ^jS  gives  no  precipitate  with  ferrous  salts,  but  with  ferric  compounds 

it  yields  a  deep  blood-red  solution.  This  colour  is  not  dischai^ed  by 
dilute  hydrochloric  acid  (distinction  from  ferric  acetate),  but  imme- 
diately bleached  by  solution  of  mercuric  chloride  (distinction  from 
ferric  nieconate). 

6.  EHO,  or  NaHO,  produces  ctfects  simitar  to  those  of  ammonium  hydrate. 

7.  HajHPOj   in   the  presence  of  NaCjHjOj  cr  NHiCsH^Oj    gives   a  whitish 

gelatinous  precipitate  of  ferrous  or  ferric  phosphates — FcjaPO^  or 
FejiPO, — insoluble  in  acetic  acid,  but  soluble  in  hydrochloric  add. 
The  previous  addition  of  citric  or  tartaric  acids  prevents  this  reaction. 

8.  NaCgH^O^  added  in  excess  ioferrie  salts,  produces  a  deep  red  solution  of 

ferric  acetate — FejfiCjHsOj — which  on  boiling  deposits  as  a  reddish  J 
brown  fenic  oxyacetatc— Fej04C;HsO*    This  predpitate   dissolvei 
slightly  on  cooling ;  but  iron  can  be  entirely  predpitated  ax  this  £ 
if  the  solution  be  instantly  filtered  while  hot. 
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9.  Alkaline  Carbonates,  added  to  a  ferrous  salt,  precipitate  white  ferrous 
carbonate — FeCOg — but  with  ferric  silts  throw  down  the  reddish-brown 
ferric  hydrate  already  described. 

{b)  DRY  REACTIONS. 
(To  be  practised  on  Jerri peroxidum  hydratum^  B.P.) 

I.  Heated  on  charcoal  before  the  inner  blowpipe  flame,  a  black  magnetic  pow- 
der is  obtained,  which  is  not  the  metal,  but  is  ferroso-ferric  oxide — FcjO^. 

2«  Heated  in  the  borax  bead  in  the  inner  blowpipe  flame,  a  bottle-green 
colour  is  produced ;  but  in  the  outer  flame  die  bead  is  deep  red  while 
hot,  and  very  pale  yellow  when  cold. 

(r)  SEPARATION. 

The  solution,  after  treatment  with  sulphuretted  hydrogen,  in  the  presence  of 
hydrochloric  acid,  so  as  to  cause  the  entire  separation  of  the  metals  of  the 
iirsf  and  second  groups,  is  evaporated  to  dryness,  and  heated  to  ensure  the  de- 
composition of  any  organic  matter.  The  residue  is  drenched  with  strong  hydro- 
chloric acid,  and  tiien  water  added,  and  the  whole  boiled,  adding  a  fqw  drops 
of  HNO^  to  raise  all  the  iron  to  the  ferric  state.  On  adding  NH4CI  to  this 
solution,  and  then  NH4HO  in  slight  but  distinct  excess,  boiling  and  filtering 
rapidly,  the  iron  is  precipitated  as  ferric  hydrate,  and  with  it  may  also  be 
found  the  hydrates  of  Ce,  Cr,  and  Al.  The  precipitate  is  fused  with  excess 
of  KNaCOg  and  KNO3,  ^^^  ^^  residue  boiled  with  water,  when  everything 
dissolves  but  Fe  and  Ce,  which  remain  as  red  oxides.  This  residue  may  then 
be  dissolved  in  HCl,  and  the  iron  tested  for  by  K^FeCyg  in  a  portion  of  the 
solution. 

[•For  separation  of  iron  in  the  presence  of  phosphoric  acid,  see  S^aration  of 
Phosphates,  Chap.  III.] 


n.  CEBIUX  (Ce). 

(a)   WET  REACTIONS. 

(To  be  practised  on  Cerous  Chloride — CeCl2 — ^prepared  by  boiling  an'i 
oxaias,  B.P.,  with  sodium  hydrate,  washing  the  insoluble  cerous  hydrate 
with  boiling  water,  and  dissolving  it.  in  the  least  possible  excess  of  hydro- 
chloric acid.) 

1.  NH^HO,  in  the  presence  of  NH^Cl  (group  reagent)  gives  a  white  precipitate 

of  cerous  hydrate — Ce2H0 — insoluble  in  excess. 

2.  KHO  and  NaHO  give  a  similar  precipitate,  turning  to  yellow  ceroso-ceric 

oxide — CegO^ — on  the  addition  of  chlorine  water. 

3.  (ITEJgCoO^  gives  a  white   precipitate    of  cerous   oxalate — CeCgO^ — in- 

soluble in  excess,  and  not  readily  dissolved  even  by  hydrochloric  acid. 
The  presence  of  citric  or  tartaric  acid  does  not  interfere  with  this 
reaction. 

4.  K2SO4  in  a  saturated  solution  causes  the  formation  of  white  crystalline 

potassium  cerium  sulphate — KgCe  (SOJg — soluble  in  hot  water. 

{b)  DR  Y  REACTIONS. 
(To  be  practised  on  cerii  oxalas^  B.P.) 

1.  Heated  to  redness  in  contact  with  the  air,  a  deep  red  residue  of  eerie 

oxide — CcgOg — is  obtained,  difficultly  soluble  even  in  strong  hydro- 
chloric acid. 

2.  Heated  in  the  borax  bead,  cerium  behaves  like  iron  in  the  outer  flame, 

but  the  inner  flame  yields  a  colourless  or  opaque  yellow  bead. 


CERIUM-  ALUMhVlUM-CHROMIUM. 

(c)  SEPARATION. 
Proceed  exactly  as  for  iron,  and  to  the  remainder  of  the  solution,  after 
testing  the  portion  for  that  metal,  add  citric  acid,  and  then  excess  of  ammo- 
nium hydrate.  The  presence  of  the  organic  acid  prevenls  the  prectpitatioa  ol 
the  iron  by  the  ammonium  hydrate,  and  then  the  addition  of  ammonium 
oxalate  proves  the  cerium.  This  separation  is  equally  good  in  the  presence 
of  phosphoric  acid.  " 

UL  ALUlCCNinU  {Al). 

(a)   WET  REACTIONS. 

(To  be  practised  on  a  solution  qI aium,  B.P.— NHiAl  (S0,)5ial^0.) 

t.  ITH^HO  in  presma  of  NH,C1  {.^nnip  reagent)  gives  a  gelatinous  white  pre- 
cipitate of  aluminic  hydrate — Alj6HO.  This  precipitate  is  slightly 
soluble  in  a  large  excess  of  the  precipitant,  but  separates  completely  on 
boiling. 

3.  KHO  and  NaHO  both  give  a  similar  precipitate,  soluble  in  excess,  but 
reprecipitated  by  boiling  with  an  excess  of  ammonium  chloride,  or  by 
neutralizing  with  hydrochloric  acid,  and  boiling  with  a  slight  excess 
of  ammonium  hydrate. 

3.  NajHPO^  in  Die  presence  of  NaQHjOg  or  NH,C,HjOj  ^ves  a  white 
precipitate  of  aluminic  phosphate — AIPO3 — insoluble  in  hot  acetic 
acid,  but  soluble  in  hydrochloric  acid.  The  presence  of  citric  or  tar- 
taric acids  prevenls  the  occurrence  of  this  reaction. 

ifi)  DRY  REACTION. 
(To  be  practised  on  dried  alum,  B.P.) 

Heat  strongly  on  charcoal  before  the  blowpipe,  when  a  strong  i 
descence  is  observed,  and  a  ivhite  residue  is  left  Moisten  this  residue 
with  a  drop  of  solution  of  cobaltous  nitrate — CoaNOj — and  again  heat 
strongly,  when  a  blue  mass  is  left.  This  test  is  not  decisively  chancteristiCf 
as  other  substances,  such  as  zinc  and  earthy  phosphates,  show  somewh&t 
similar  colours. 

{c)  SEPARATION. 

Aluminium  is  precipitated  by  ammonium  hydrate  in  the  presence  of  am* 
monium  chloride,  together  with  Fe,  Ce,  and  Cr,  as  already  described  in  the 
separation  of  iron.  The  precipitate  is  fused  ivith  KNaCOj  and  KNO^  and 
the  residue  digested  n-ith  water  and  filtered.  This  yields  a  solution  containing 
the  aluminium  hydrate  dissolved  in  excess  of  the  alkali,  and  the  chromium 
as  a  soluble  chromate.  By  acidulating  with  acetic  acid,  and  adding  disodium 
hydrogen  phosphate  and  boiling,  the  .\l  is  precipitated  as  phosphate,  and  the 
chromate  is  not  affected. 


IV.  CHSoicnni  (cr). 

{a)   WET  REACTIONS. 

(To  be  practised  on  a  solution  of  potassium  chromic  chloride  prepared  by 

dissolving  potassium   dichromate^KjCrjO, — in   water,    acidulating  with 

hydrochloric  acid,  heating  and  dropping  in  rectified  spirit  till  the  solution 

turns  green.) 

I.  irH,HO  in  the  presence  of  KH,C1  (.^pvup  reagent)  jjrecipitatcs  green  chromic 

hydrate^CrjGHO — slightly  soluble  in  eieccss,  but  eol 
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tated  on  boiling.  The  presence  of  citric  or  tartaric  acid  interferes 
with  the  completeness  of  this  reaction. 

2.  EHO,  or  NaHO,  gives  similar  precipitates ;  freely  soluble  iu  excess  when 

fold,  but  entirely  reprecipitable  by  continued  boiling. 

3.  NaOGl,  or  PbO^,  boiled  with  an  alkaline  solution  of  a  chromium  salt,  pro- 

duces a  yellow  solution  of  sodium  chromate — Na^CrO^. 

4.  Na^HPO^  in  the  presence  of  "NbC^O^  or  "NKfizIL^Oi  throws  down  pale 

green  chromic  phosphate — CrPO^ — soluble  when  freshly  precipitated 
in  excess  of  hot  acetic  acid,  and  freely  soluble  in  hydrochloric  acid. 
The  presence  oforganic  acids  prevents  this  reaction. 

{d)  DR  Y  RE  A  CTIONS. 

1.  Heated  in  the  borax  bead  in   the  inner  blowpipe  flame,  a  fine  green 

colour  is  obtained. 

2.  Fused  on  platinum  foil,  with  a  mixture  of  KNaCOg  and  KNO3,  a  yellow 

residue  is  obtained,  consisting  of  chromates  of  the  alkaliesused.  This 
mass  is  soluble  in  water,  pelding  a  yellow  solution  turned  deeper 
in  colour  by  tfie  addition  of  hydrochloric  acid,  owing  to  the  formation 
of  dichromates,  and  becoming  green  on  warming  and  dropping  in  rec- 
tified spirit 

{c)  SEPARATION. 

Chromium  is  precipitated  as  hydrate  by  NH4CI  and  NH4HO,  after  sepa- 
rating the  metals  of  the  first  two  groups.  [See  Separation  of  Fe.]  The  precipitate 
is  fused  with  KNaCOg  and  KNO3,  which  forms  potassium  chromate,  knowoi 
by  the  bright  yellow  colour  of  the  residue.  On  boiling  with  water,  acidulating 
with  acetic  acid,  and  adding  disodium  hydrogen  phosphate,  and  again  boiling, 
any  aluminiiim  is  precipitated  as  phosphate,  and  the  chromate  remains  as  a 
yellow  solution  turned  green  by  boiling  with  HCl  and  rectified  spirit.  This 
course  is  only  good  in  Uie  ensured  absence  of  phosphoric  acid  (for  details  in 
presence  of  which  see  Separation  of  Phosphates^  Chap.  IIL). 


GROUP  nL 

Division  B. 

Metals  the  hydrates  of  which,  being  soluble  in  excess  of  ammonium  hydrate 
in  the  presence  of  ammonium  chloride,  escape  precipitation  by  that  reagent, 
but  are  separated  as  insoluble  sulphides  by  the  addition  of  ammonium  sulphide 
to  the  same  liquid. 

I.  MANGANESE  (Mn). 

{a)   WET  REACTIONS. 

{To  be  practised  on  a  solution  of  potassium  manganous  chloride,  prepared  by 
heating  a  solution  of  potassium  permanganate  with  hydrochloric  acid,  and 
dropping  in  rectified  spirit  until  a  colourless  solution  is  obtamed.) 

J.  NH4HS  in  tlie  presence  of  NH4CI  andlTK^ILO  {group  reagent)  precipitates 
a  flesh-coloured  manganous  sulphide — MnS — soluble  in  dilute  and 
cold  hydrochloric  acid  (distinction  fi*om  the  sulphides  of  Ni  and 
Co).  It  is  also  soluble  in  acetic  acid  (distinction  from  zinc  sulphide). 
This  precipitate  forms  sometimes  very  slowly  and  only  after  gently 
warming.  If  a  good  excess  of  NH^Cl  has  not  been  added,  or  if,  after 
adding  the  excess  of  ammonium  hydrate,  the  solution  be  exposed  to 
the  air,  a  portion  of  the  manganese  will  sometimes  precipitate  sponta- 
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neously,  as  manganic  dioxyhydrate — MrijOjiHO — and  be  found  with 
the  iron,  etc.,  in  the  first  division  of  the  third  group.  In  this  case  its 
presence  will  be  easily  made  manifest  during  the  fusion  for  chromium 
by  the  residue  being  green.  It  is  therefore  evident  that  small  quan- 
tities of  manganese  cannot  be  perfectly  separated  from  large  quantities 
of  iron  by  NH.CI  and  NH.HO  only. 
3,  KEG  and  NaHO  both  yield  precipitates  of  manganous  hydrate  insoluble 
in  excess,  and  converted  by  boiling  into  dark  brown  manganic  dioxy- 
hydrale— MnjO,3  HO. 

3.  NH^HO   gives  a  similar   precipitate,    soluble  in   excess   of  ammonium 

I  chloride,  but  gradually  depositing  as  MnaOjzHO  by  exposure  to  the 

air.  For  this  reason,  if  the  presence  of  manganese  be  suspected,  the 
addition  of  NH,C1  and  NH^HO  must  be  followed  by  instant  filtration, 
and  any  cloudiness  coming  in  the  filtrate  must  be  simply  taken  as 
indicating  manganese,  and  disregarded. 

4.  KjFoCyg  gives  a  precipitate    of  manganous   ferrocyanide — MngFeCyg — 

very  liable  lo  be  mistaken  for  the  corresponding  zinc  compound, 

^^^  {b)  DRV  REACTIONS. 

^^^^K  (To  be  practised  on  manganese  peroxide — Mn  O^.) 

fl^Btoed  on  platinum  foil   with    KNaCO;,   and    KNOj,    a  green  mass  of 
H  manganates  of  the  alkalies  is  formed.     This  residue  is  soluble  in  water, 

I  yielding  a  green  solution,  turning  purple  on  boiling,  owing  to  tlie  for- 

P.  maiion  of  permanganates.    The  solution  is  rendered  colourless  by 

N  heating  with  hydrochloric  acid  and  dropping  in  rectified  spirit,  tlie 

'  operation  being  accompanied  by  the  odour  of  aldehyd. 

2.  Heated  in  the  borax  bead  in  the  outer  blowpipe  flame,  a  colour  is  pro- 
'  duced  which  is  violet-red  while  hot,  and  amethyst  on  cooling.     The 

bead  is  rendered  colourless  by  the  reducing  flame. 

{c)  SEPARATION. 

Manganese,  when  precipitated  as  sulphide  by  ammonium  sulphide  in  the 

presence  of  ammonium  hydrate,   is  easily  separated  by  dissolving  in  dilute 

hydrochloric  acid,  which  does  not  affect  the  sulphides  of  Ni  and  Co.    The 

solution  is  then  boiled  with  excess  of  sodium  hydrate,  which  precipitates  the 

j  manganese  and  leaves  the  zinc  The  precipitate  is  then  confirmed  by  fusion 
with  KNaCOj  and  KNO3,  when  it  gives  the  characteristic  green  mass. 
Another  way  is  to  add  to  the  hydrochloric  acid  solution  an  excess  of  sodium 
acetate,  and  then  pass  sulphuretted  hydrogen,  which  will  precipitate  the  other 

\     metals,  leaving  the  manganese  in  solution  because  its  sulphide  alone  of  all 

\     the  group  is  soluble  in  acetic  acid. 


n.  ZINC  (Zn). 
{,:)    WET  REACTIONS. 
(To  be  practised  on  solution  of  zinc  sulphate — ZnSO,.) 
1?H,ES  in  tlie  pnsoue  of  HH,C1  and  NH,HO  {group  rta^ni)  gives  a  white 
precipitate  of  zinc  sulphide — ZnS — insoluble  in  acetic  acid,  but  readily 
soluble  in  dilute  hydrochloric  acid. 
J.  EHO,  NaHO,  and  NH,HO  all  give  precipitates  of  gelatinous    white  zinc 
hydrate,  soluble  in  excess  to  form  zincates.     The  addition  of  sulphu- 
retted hydrogen  or   ammonium   sulphide  rcprccipitatcs   the  line  as 
:  sulphide— ZnS. 
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3.  K^YeOjm   gives   a   gdatinous    white   precipitate    of  zixic  £B3Toqranide — 

ZngFeCy^— -insoluble  in  dilute  acids. 

4.  Alkaline  Carooiiates  precipitate  official  sifta  caHnmas — xinc  faydrato-carbon- 

ate— ZnCOs(Zn2HO)2H30 — ^insoluble  in  excess  of  Ae  carbonates  of 
potassium  and  sodium,  but  soluble  in  that  of  ammonium.  The  latter 
solution^  diluted  and  boiled,  deposits  the  oxide. 

{b)  DRY  REACTIONS. 
(To  be  practised  on  zinci  carbonns,  B.P.) 

1.  Salts  of  zinc  heated  leave  the  oxide,  yellow  while. hot,  and  white  on  cooling. 

2.  Heated  on  charcoal  before  the  blowpipe  an  incrustation  forms,  yellow  while 

hot,  and  white  on  cooling.  Moisten  with  a  drop  of  cobaltous  nitrate — 
Co2NOs — ^ancT  again  heat  in  the  outer  flame,  when  a  fine  green  colour 
is  produced. 

{€)  SEPARATION. 

The  addition  of  ammonium  sulphide  in  the  presence  of  ammonium  chloride 
and  ammonium  hydrate  precipitates  zinc  sulphide  together  with  the  other 
metals  of  the  group.  This  precipitate  is  treated  with  cold  dilute  hydrochloric 
acid,  which  dissolves  the  Zn  and  Mn,  and  leaves  Ni  and  Co  insoluble.  The 
solution  boiled  with  excess  of  sodium  hydrate  deposits  the  Mn ;  and  the  filtrate 
treated  with  excess  of  acetic  acid  and  sulphuretted  hydrogen  deposits  the  Zn 
as  sulphide. 

UL  NICKEL  (NQ. 

{a)  WET  REACTIONS. 
(To  be  practised  on  a  solution  of  nickelous  sulphate — Ni  SO4.) 

1.  NH4HS  in  the  presence  of  NH4CI  and  NH^HO  {group  reagent)  gives  a  black 

precipitate  of  nickelous  sulphide — NiS — slightly  soluble  in  excess  but 
entirely  precipitated  on  boiling.  It  is  not  soluble  in  cold  dilute  hydro- 
chloric or  in  acetic  acid,  but  requires  boiling  with  strong  hydrochloric 
acid  and  sometimes  even  the  addition  of  a  drop  or  two  of  nitric  acid. 

2.  EHO  or  NaHO  both  give    a    green  precipitate  of  nickelous    hydrate — 

Ni2H0 — ^unaltered  by  boiling  (distinction  fi*om  cobalt). 

3.  EKO3  added  to  a  neutral  solution,  followed  by  an  excess  of  acetic  acid, 

gives  no  precipitate  (after  standing  some  hours)  on  the  addition  of 
potassium  acetate  and  rectified  spirit  (very  useful  separation  firom 
cobalt). 

4.  KCy  in  excess  produces  a  greenish-yellow  precipitate  of  nickelous  cyanide 

— NiCyg — ^which  quickly  redissolves.  On  adding  a  drop  of  hydro- 
chloric acid  and  boiling  in  a  fume  chamber,  and  repeating  this  till  no 
more  fiimes  of  hydrocyanic  acid  come  off,  and  then  adding  sodium 
hydrate,  a  precipitate  of  nickel  hydrate  is  produced.  It  is  better, 
although  less  convenient,  to  use  a  strong  solution  of  chlorinated  soda 
— NaClNaClO — in  the  last  stage,  when  nickelic  hydrate — Ni6HO — 
is  slowly  precipitated  (distinction  from  Co,  which  gives  no  precipitate). 

5.  Alkaline  Carbonates  behave,  so  far  as  colour  and  solubility  in  excess  is 

concerned,  like  their  respective  hydrates. 

{b)  DR  Y  RE  A  CTIONS. 

I.  Heated  on  charcoal  with  Na^COj  in  the  inner  blowpipe  flame,  a  grey 
metallic  and  magnetic  powder  is  produced. 
Heated  in  the  borax  bead  in  the  outer  blowpipe  flame,  red  to  violet  brown 


NICKEL—COBALT-BARIUM.  43 

is  produced  while  hot,  and  a  yello^sh  to  sherry  red  whenxold.  .  These 
colours  might  be  mistaken  for  those  of  iron ;  but  on  fusing  a  small 
fragment  of  potassium  nitrate  with  the  bead,  its  colour  at  once  changes 
to  blue  or  daik  purple  (distinction  from  Fe). 

IV.  COBALT  (Co). 

(a)  WET  REACTIONS. 

(To  be  practised  on  a  solutioa  of  cobaltous  nitrate—OoaNOs.) 

1.  'SKJELS  in  the  presence  of  NH4CI  and  NH^HO  iiroup  reagent)  giVes  a  black 

precipitate  of  cobaltous  sulphide — CoS — insoluble  in  acetic  and  cold 
dilute  hydrochloric  acid,  and  requiring  to  be  boiled  with  the  strongest 
HCl,  often  with  the  addition  of  a  drop  or  two  of  nitric  acid  before 
solution  is  effected. 

2.  EHO,  or  NaHO,  gives  a  blue  precipitate  of  cobaltous  hydrate — C02HO — 

rapidly  changing  to  pink  on  boiling  (distinction  from  nickel). 

3.  KQy  gives  a  light  tnrown  precipitate  of  cobaltous  cyanide,  rapidly  soluble 

in  excess  but  reprecipitated  by  excess  of  dilute  hydrochloric  acid.  If, 
however,  the  HCl  be  added  drop  by  drop  just  so  long  as  it  causes 
the  evolution  of  hydrocyanic  acid  fumes  on  boiling,*  soluble  potassium 
cobalticyanide — K^CogCyia — results,  which  is  not  decomposed  by 
hydrochloric  acid ;  nor  is  any  precipitate  produced  on  adding  excess  of 
sodium  hydrate  or  chlorinated  soda  (distinction  from  nickel). 

4.  Alkaline  Carbonates  throw  down  basic  carbonates,  behaving  like  the 

respective  hydrates. 

{]})  DRY  REACTIONS. 

1.  Heated  on  charcoal  with  NagCOg  in  the  inner  blowpipe  flamq^  the  cobalt 

separates  as  a  grey  magnetic  powder. 

2.  Heated  in  the  borax  bead,  first  in  the  outer  and  then  in  the  inner  flame,  a 

fine  blue  colour  is  produced.  It  is  an  important  distinction  of  cobalt 
from  copper,  manganese,  etc.,  that  prolonged  heating  in  the  inner  Hame 
does  not  affect  this  blue. 

{cY  SEPARATION. 

The  sulphides  of  nickel  and  cobalt  are  easily  separated  firom  all  the  other 
of  this  group  by  their  insolubility  in  cold  dilute  hydrochloric  add.  They  may 
then  be  dissolved  in  strong  acid,  the  solution  diluted  a  little  and  nearly  neu- 
tralized by  KHO,  and  then  the  cyanide  separation  above  described  applied. 
It  is  to  be  noted  however,  that  no  truly  satiidEsu:tory  separation  of  Ni  from  Co 
exists. 


GROUP  IV, 

Metals,  the  hydrates  and  sulphides  of  which,  bemg  soluble,  are  not  precipi- 
tated by  the  addition  of  NH4HO  and  NH^HS  in  the  presence  of  NH^Cl, 
but  separate  as  insoluble  carbonates  on  the  addition  of  ammonium  carbonate 
to  the  same  solution. 

LBABinX(Bft). 

(tf)  WET  REACTIONS 
(To  be  practised  on  a  solution  of  barium  chlorida — BaQf ) 
I.  (SHJ^3  m  the  prmtm  of  NH^  mUt  v^ 

*  This  must  be  done  in  a  fiune  duonber, 
should  happen  to  escape  into  the  xoom. 
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duces  a  white  precipitate  of  barium  carbonate,  BaCO^,  soluble  with 
effervescence  in  dilute  acetic  acid. 

2.  H2SO4  and  all  soluble  Sulphates  give  a  white  precipitate  of  barium  sul- 

phate— BaSO^ — ^insoluble  in  ammonium  acetate  or  tartrate  (distinction 
from  PbSO^)  and  also  in  boiling  nitric  acid. 

3.  E2Cr04  gives  a   yellow  precipitate  of   barium    chromate — BaCr04 — in- 

soluble in  water  and  in  dilute  acetic  acid,  but  soluble  in  hydrochloric 
acid  (distinction  from  Sr  and  Ca). 

4.  NH4C2O4  gives  a  white    precipitate    of  barium    oxalate — BaCjO^ — not 

readily  formed  in  the  presence  of  much  acetic  acid. 

5.  Na^HPO^  gives  a  white  precipitate  of  barium  hydrogen  phosphate — 

BaHPO^ — soluble  in  acetic  acid,  and  to  some  extent  in  ammonium 
chloride. 

{b)  DRY  REACTION. 

(To  be  also  practised  on  barium  chloride.) 

A  platinum  wire  dipped  first  in  hydrochloric  acid  and  then  in  the  salt,  and 
held  in  the  inner  blowpipe  or  Bunsen  flame,  the  outer  flame  is  coloured 
yellowish-green, 

(0  SEPARATION 

After  removal  of  the  metals  of  Groups  i,  2,  and  3,  the  addition  of  anuno- 
nium  carbonate  determines  the  precipitation  of  Ba,  Sr,  and  Ca  as  carbonates. 
This  precipitate  is  dissolved  in  acetic  acid,  and  on  the  addition  of  potassium 
chromate  the  barium  precipitates,  leaving  the  other  two  metals  in  solution. 


n.  STBONTIUM  (Sr). 

(a)   WET  REACTIONS. 
(To  be  practised  on  strontium  nitrate — Sr2NOs.) 

1.  (NHJoCOs  {group  reagent)  in  the  presence  of  NH^Cl  and  NH^HO  gives 

a  white  precipitate  of  strontium  carbonate — SrCOj — soluble  in  dilute 
acetic  acid. 

2.  HoSO^,  or  a  soluble  sulphate  (preferably  c^ilcium  sulphate),  yields  a  white 

precipitate  of  strontium  sulphate — SrSO^ — which  only  separates  com- 
pletely from  dilute  solutions  on  allowing  them  to  stand  in  a  warm 
place  for  some  hours.  It  is  insoluble  in  a  boiling  strong  solution  of 
ammonium  sulphate  rendered  alkaline  by  ammonium  hydrate  (distinc- 
tion from  calcium  sulphate). 

3.  The  other  reactions  are  similar  to  those  of  calcium. 

(b)  DRY  REACTION. 
(To  be  also  practised  on  Sr2N03.) 

A  platinum  wire  moistened  with  hydrochloric  acid,  dipped  in  the  substance 
and  introduced  into  the  inmr  blowpipe  or  Bunsen  flame,  colours  the  outer 
flame  crimson. 

{€)  SEPARATION. 

Strontium  is  precipitated  in  the  4th  Group  by  ammonium  carbonate,  along 
with  Ba  and  Ca,  as  already  described.  The  precipitate  having  been  dissolved 
in  acetic  acid,  and  the  barium  separated  by  potassium  chromate,  a  small 
portion  of  the  solution  is  tested  by  saturated  solution  of  calcium  sulphate : — if 
a  |)recipitate  be  produced,  the  presence  of  strontium  is  evident  In  this  case 
some  very  dilute  sulphuric  acid  is  added,  and  the  whole  set  aside  in  a  warm 
place  for  some  hours,  when  strontium  sulphate  separates.    If  the  sulphuric 
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acid  be  added  too  strong,  some  CaSO^  may  also  separate,  and  the  precipitate 
should  be  digested  for  some  time  at  a  gentle  heat,  with  a  strong  solution  of 
ammonium  sulphate  containing  a  little  ammonium  hydrate,  \fhidi  dissolves 
CaSO^  but  leaves  SrSO^  insoluble. 

m.  CALCIUM  (Ca). 

(a)   WET  REACTIONS. 
(To  be  practised  on  a  solution  of  calcium  chloride — CaClg.) 

1.  (NHJ^COs   in  presence   of  ITEJJi    and  NH^HO  (group   reagent)    pro- 

duces a  white  precipitate  of  calcium  carbonate — CaCOs — soluble  in 
acetic  acid  and  settling  best  on  warming. 

2.  (NHJ^CjO^  precipitates   white   calcium  oxalate — CaCjO^ — insoluble  in 

acetic  or  oxalic  acids,  but  soluble  in  hydrochloric  acid. 

3.  H3SO4  in  strong  solutions  produces  a  precipitate  of  calcium  sulphate, 

CaiSO^.  Being  slightly  soluble  in  water,  it  does  not  form  in  dilute 
solutions,  nor  is  it  precipitated  by  a  saturated  solution  of  calcimn 
sulphate  (distinction  from  Ba  and  Sr).  It  is  soluble  in  a  boiUng 
saturated  solution  of  ammonium  sulphate  containing  excess  of  ammo- 
nium hydrate,  but  quite  insoluble  in  a  mixture  of  two  parts  alcohol 
and  one  part  water. 

4.  Na^HFOj  produces  a  white  precipitate  of  calcium  phosphate  soluble  in 

acetic  acid. 

(^)  DRY  REACTION. 

(To  be  practised  on  calcium  carbonate — CaCOj.) 

A  platinum  wire  moistened  with  hydrochloric  acid,  dipped  in  the  substance 
and  held  in  the  inner  blowpipe  or  Bunsen  flame,  colours  the  outer  flame 
yellowish-red.  This  reaction  is  masked  by  the  presence  of  Barium  or  Stron- 
tium. 

{€)  SEPARATION. 

Calcium  is  precipitated  in  the  4th  Group  by  ammonium  carbonate  (after 
removal  of  the  metals  of  the  ist,  2nd,  and  3rd  groups)  together  with  Ba  and 
Sr.  The  precipitate  is  dissolved  in  acetic  acid  and  the  barium  precipitated 
by  potassium  chromate.  A  portion  of  the  solution  is  tested  for  strontium  with 
CaSO^,  and  if  found  absent,  calcium  is  at  once  proved  by  adding  ammonium 
oxalate  to  the  remainder.  If  strontium  be  present,  it  is  separated  as  already 
described  by  adding  very  dilute  sulphuric  acid,  and  the  calcium  is  tested  for  in 
the  filtrate  by  ammonium  oxalate. 


GEOUP  V. 

• 

Metals  not  precipitable  either  as  sulphide,  hydrate,  or  carbonate,  including 
magnesium,  the  precipitation  of  which  as  hydrate  or  carbonate  has  been  pre- 
vented by  the  presence  of  ammonium  chloride. 

I.  MAOKESITTll  (Mg). 

{a)   WET  REACTIONS, 

(To  be  practised  on  a  solution  of  magnesium  sulphate^  MgSO^.) 

1.  Kft3HP04   in  the  presence  of  NH^Cl  and  NH4HO,  produces  a  white 
crystalline     precipitate     of     anunonium    magnesium    phosDb^ 
MgNH4P04.    It  is  slightly  soluble  in  water,  and  w 
water  containing  ammonium  hydrate,  but  b  ho? 
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in  all  acids.  In  very  dilate  solutions  it  forms  only  on  cooling  and 
shaking  violently,  or  rubbing  the  inside  of  the  tube  with  a  glass  rod. 

2.  (NH4)\HSb04  produces  a  similar  precipitate  of  MgNH^04  possessing 

like  features. 

3.  EHO,NaHO,and  NH4HO  give  precipitates  of  magnesium  hydrate — ^Mg2H0 

— insoluble  in  excess,  but  soluble  in  the  presence  of  ammonium 
salts.  The  alkaline  carbonates  (except  ammonium  carbonate)  pre- 
cipitate magnesium  carbonate,  also  soluble  in  ammonium  salts. 

4.  Ca2H0  and  Ba2H0  produce  a  similar  effect.    Either  of  these  reagents 

is  useful  for  the  separation  of  magnesium  from  all  the  alkalies  except 
ammonium.  The  solution,  which  must  contain  no  ammonium  salts,  is 
treated  with  excess  of  either  lime  or  baryta  water.  The  precipitated 
magnesium  hydrate  is  then  filtered  out  and  excess  of  ammonium  car- 
bonate added,  which  precipitates  in  turn  the  excess  of  Ca  or  Ba 
employed  and  leaves  Kl,  Na,  or  Li  in  solution. 

q>)  DRY  REACTION. 
(To  be  practised  on  magnesia^  B.P. — MgO.) 

Heated  on  charcoal  before  the  blowpipe,  it  becomes  strongly  incandescent, 
and  leaves  a  white  residue,  which  when  moistened  with  a  drop  of  solution  of 
cobaltous  nitrate — C02NO3 — and  again  heated,  becomes  rose-coloured.  This 
test  is  not  however  infallible. 

(0  SEPARATION. 

After  separating  the  metals  of  the  preceding  groups  by  H^S,  NH^Cl,  and 
NH4HO,  NH4HS  and  (NH4)2C03,  all  as  already  directe^l,  the  solution 
shoiid  be  concentrated  to  about  half  its  volume  by  evaporation  and  divided 
into  a  large  and  a  small  portion.  The  larger  part  is  saved  for  the  detection 
of  the  alkalies,  and  the  smaller  is  made  perfectly  cold  and  treated  with 
ammonium  hydrate  in  excess,  and  then  with  disodium  hydrogen  phosphate, 
well  shaken  and  set  aside  for  some  time,  when  the  magnesium  will  separate  as 
MgNH^PO^ 

IL  LITHIUM  (Li). 

{a)   WET  REACTIONS. 

(To  be  practised  on  a  solution  of  lithium  chloride,  prepared  by  dissolving 

lithium  carbonate  in  dilute  hydrochloric  acid.) 

1.  NagHFO^  in  strong  solutions  produces  a  white  precipitate  of  lithium  phos- 

"  phate — Li3P04 — on  boiling  only  (distinction  from  Mg).  It  is  soluble 
in  hydrochloric  acid,  and  reprecipitated  by  boiling  with  ammonium 
hydrate. 

2.  Na^COs,  and  even  NaHO,  in  very  strong  solutions  yield  the  carbonate 

and  hydrate  respectively. 

3.  PtCl4  gives  no  precipitate  (distinction  from  potassium). 

(h)  DR  Y  REACTION 

(To  be  practised  with  lithium  carbonate.) 

A  platinum  wire,  moistened  with  hydrochloric  acid,  dipped  in  the  substance 
and  held  in  the  inner  blowpipe  or  Bunsen  flame,  colours  the  outer  flame 
carmine  red.     The  presence  of  sodium  disguises  this  reaction. 

(c)  SEPARATION.     . 

Lithium  is  detected  in  the  solution  which  is  left  after  the  precipitation  of 
magnesium  by  disodium  hydrogen  phosphate.    After  filtering  out  the  mag- 
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nesium  precipitate  a  little  more  phosphate  is  added,  and  the  whole  evaporated 
to  drynes&  The  residue  is  treated  with  a  little  boiling  water,  and  any  white 
insoluble  matter  may  be  taken  as  lithium  phosphate,  pnrvided  it  gitus^  the 
charaderistk  carmint, flame  test  above  described. 

UL  POTASSIUM  (E). 

WET  REACTIONS. 

(To  be  practised  on  solution  of  potassiiun  carbonate  treated  with  dilute  HCl 
till  effervescence  ceases,  forming  potassium  chloride — KCl.) 

T.  PtCLp  in  strong  solutions,  gives  a  yellow  crystalline  precipitate  of  potas- 
sium platino-chloride — K^PtClj — soluble  on  great  dilution,  especially 
on  warming,  but  insoluble  in  acids,  alcohol,  and  ethen 

2.  H2C2H4O0  throws  down,  from  strong  solutions  only,  a  white  crystalline  pre- 

cipitate of  potassium  hydrogen  tartrate — KHQH^O^ — soluble  in  much 
cold  water,  rather  freely  in  hot  water,  readily  in  acids  and  in  KHO 
or  NaHO,  and  not  formed  imless  the  original  solution  be  nearly 
neutral.  Its  separation  is  facilitated  by  stirring  and  shaking  violently, 
in  which  case  it  settles  quickly. 

3.  HgSiPg  {hydrqfluosilicic  add)  yields  white  gelatinous  potassium  fluosilicate — 

KjSiFo — sparingly  soluble  in  water. 

DRY  REACTION. 

(To  be  practised  on  potassium  carbonate — KgCOy) 

Dip  a  platinum  wire,  moistened  with  HCl,  in  the  salt.  Held  in  a  Bunsen 
flame  a  violet  colour  is  imparted.  The  masking  efifect  of  Na  {^yellow)  is 
obviated  by  viewing  the  flame  through  indigo  glass. 

IV.  SODIUH  (ITa). 

WET  REACTIONS. 
(To  be  tested  with  solution  of  sodium  chloride— NaCl.) 

1.  KSbOg  {potassium  metantimoniati)  gives  a  white  granular  precipitate  of 

sodium  metantimoniate — NaSbO^ — from. strong  solutions  only,  which 
must  be  neutral  or  alkaline.     This  precipitate  is  insoluble  in  alcohol 

2.  HgSiFf  gives  a  similar  precipitate  to  that  obtained  with  K  salts  in  concen- 

trated solutions  only. 
Sodium  salts  are,  practically,  all  soluble  in  water,  and  there  is  no  thoroughly 
trustworthy  wet  reaction  which  can  be  applied  to  detect  small  quantities. 
If  we  have  a  solution  which  gives  no  precipitate  with  any  of  tiie  group 
reagents,  but  leaves,  on  evaporating,  a  fixed  residue  capable  of  imparting  a 
strong  yellow  colour  to  the  Bunsen  flame  (dry  reaction),  we  may  infer  with 
certainty  the  presence  of  sodium. 

SEPARATION. 

When  the  filtrate  from  the  precipitation  of  K  by  PtCl^  is  treated  with  H^S, 
to  separate  the  excess  of  Pt  completely,  filtered,  and  evaporated  to  diynete,  a 
pure  sodium  salt  is  left 

SEPARATION   OF  POTASSIUM  AND  SODIUM  FROM  ALL 

OTHER  METALS 

The  portion  saved  for  K  and  Na  after  separation  of  aU  other  metals  (see  separa- 
tion of  Mg)  is  evaporated  to  dryness  and  heated  till  ammonium  fumes  cease 


48         DETECTION  AND  SEPARATION  OF  THE  METALS. 

to  be  evolved,  the  residue  is  taken  up  with  the  smallest  possible  quantity  of 
water  and  any  insoluble  matter  filtered  out.  The  flame  test  is  applied  to  the 
solution ;  and  if  yellow,  Na'  is  present  The  test  is  then  repeated,  using  a 
piece  of  indigo  blue  glass  to  cut  off  the  yellow,  and  any  violet  indicates  K, 
which  is  proved  by  adding  platinic  chloride  and  alcohol,  and  getting  the 
yellow  potassium  platino-chloride. 


V.  AHMONIUM  (NHJ. 

WET  RE  A  CTIONS. 
(To  be  tested  with  solution  of  ammonium  chloride — NH^CL) 

1.  PtCl4  produce^  a  heavy  yellow  precipitate  of  ammonium  platino-chloride — 

(NH4)2PtCl|| — which,  being  rather  soluble  in  water,  is  not  formed  in 
dilute  solutions,  unless  alcohol,  in  which  it  is  insoluble,  be. added  in 
considerable  quantity.  When  ignited,  pure  spongy  platinum  is  left. 
This  precipitate  may  be  distinguished  from  that  wiUi  K  salts  by  add- 
ing, after  ignition,  a  little  water  and  AgNOs,  when  no  white  precipitate 
of  AgCl  is  formed  (the  K  salt  leaves  KCl  on  being  strongly  heated). 

2.  HgC^H^Og  yields  ammonium  hydrogen  tartrate — (NH4)HC4H40g — ^almost 

identical  with  KHQH^Og  in  its  properties.  On  ignition,  however, 
the  latter  gives  a  black  residue,  which  turns  moistened  red  litmus 
paper  ^/e/^  (K2CO3  and  C),  the  former  leaving  pure  C  without  reaction. 

3.  NaHO,  or  Ca2H0,  boiled  with  the  solution  causes  the  evolution  of  ammonia 

gas — NH3.  A  glass  rod  dipped  in  HCl  or  HCgHgOg  produces,  when 
held  over  a  mixture  evolving  NHg,  white  clouds  (solid  NH.  salts),  and 
moist  red  litmus  paper  is  turned  blue. 

4.  Nessler's  Solution  (Hgig  dissolved  in  KI  and  KHO  added)  gives  a  yellow 

or  brown  colour  or  a  brown  precipitate  of  N(Hg3)'^I  with  all  NH4  salts. 
This  reaction  is  extremely  delicate,  and  the  estimation  of  NH^  in 
water  is  founded  upon  it. 

DR  Y  RE  A  CTIONS. 

Ammonium  salts  volatilize  (i)  with  decomposition,  leaving  a  fixed  acid 
(e,g,,  phosphate) ;  (2)  with  decomposition,  leaving  no  residue  whatever  {e.g., 
sulphate,  nitrate);  (3)  without  decomposition,  when  they  are  said  to  sublime 
(e.g.f  chloride,  bromide,  etc.). 

SEPARATION  OF  AMMONIUM  FROM  ALL  OTHER  METALS. 

Ammonium  is  at  once  separated  from  any  mixture  by  boiling  with  potassium 
hydrate  in  excess,  when  it  is  given  off  in  the  form  of  ammonia  gas — NH3. 


CHAPTER    III. 

DETECTION    AND    SEPARATION    OF    ACIDULOUS 

RADICALS. 


l..HT])IU)FLnOBIC  ACID  and  FLUORIDES. 

(The  test  for  fluorides  undemoted  may  be  practised  on  fluor  spar— Ca  Fg.) 

Hydrofluoric  Acid,  or  Fluoric  Acid,  is  known, — 

1.  By  its  strongly  acid  reaction  and  corrosive  power. 

2.  By  the  action  upon  glass  from  which  it  dissolves  out  silicic  acid — 

SiOj — ^thus  roughening  the  surfece    and  rendering  it  semi- 
opaque,  or  translucent,  and  white  :  a  colourless  gas,  silicic  fluor- 
ide—SiF4 — ^passing  off". 
Fluorides  are  detected  as  follows : — 

Hie  mineral  or  salt  is  finely  powdered,  and  introduced  into  a  leaden  dish 
with  a  little  sulphuric'  acid.  A  piece  of  glass,  previously  prepared  by  coating 
its  surface  with  wax,  and  etching  a  few  letters  on  the  waxed  side  with  the 
point  of  a  pin,  is  placed  over  the  dish,  waxed  side  down.  A  gentle  heat  is  , 
then  applied,  but  not  sufficient  to  melt  the  wax,  and  the  operation  continued 
for  some  time.  The  glass  is  then  taken  off",  and  the  wax  removed  from  it ; 
when,  if  fluorine  was  present,  the  letters  written  on  the  waxed  surface  will  be 
found  engraved  upon  it  by  the  action  of  the  hydrofluoric  acid. 

2.  CHLORINE,  HTDROCHLORIC  ACID,  and  CHLORIDES. 

Free  Chlorine — Cl^ — may  be  detected, — 

1.  By  its  odour. 

2.  By  tiuning  paper  dipped  in  solution  of  potassium  iodide  brown. 

3.  By  bleaching  a  solution  of  indigo  or  litmus. 

Hydrochloric  Acid — HCl — may  be  recognised, — 

1.  By  its  acidity  and  odour  of  its  fumes. 

2.  By  producing  dense  white  fumes  when  a  rod  dipped  in  ammonium 

hydrate  is  held  over  the  mouth  of  the  bottle. 

3.  By  giving  a  curdy  white  precipitate  of  argentic  chloride  with  argen- 

tic nitrate,  instantly  soluble  in  ammonium  hydrate. 

Chlorides  give  the  following  reactions  (to  be  practised  with  any  soluble 

chloride,  say  NaCl) : — 

1.  Heated  with  sulphuric  acid,  they  evolve  white  fumes  of  HCL 

2.  Heated  with  H^SO^  and  MnOs  they  evolve  chlorine. 

3.  AgNOj,  in  th€ presence  of  ll^O^  gives  a  white  precipitate  of  argentic 

chloride — AgCl — ^insoluble  in  boiling  nitric  acid  but  instantly 
soluble  in  ammonium  hydrate. 

4.  The  solid  substance  mixed  with  'KJlxJX  and  distilled  with  H^O^ 

yields  chloro-chromic  acid — CrCljOj — ^in  red  fumes  which, 
when  passed  into  dilute  anmionium  hydrate^  colour  it  yellow, 
owing  to  the  formation  of  anmionium  chromate— (NHJsCr ' 
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Th^  yellow  should  cHange  readily  to  green  on  the  addition  of  a 

few  drops  of  sulphurous  acid. 
Insoluble  Chlorides  should  be  first  boiled  %vith  strong  sodium  hydrate  and 
the  whole  diluted  and  filtered.     The  chloride  is  then  transferred   to   the 
sodium  and  is  to  be  searched  for  in  the  filtrate  by  acidulating  with  nitric  acid 
and  adding  argentic  nitrate,  as  above  described. 


3.  HTFOCHLOROUS  ACID  and  HTPOCHLOBITES. 

• 

HypochloTOUS  Acid  is  rarely  met  with,  and  it  is  hardly  necessary  to  mention 
its  reaction.  However,  the  chlorine-like  smell,  the  disengagement  of  chlorine 
when  HCl  is  added,  and  the  action  of  blue  litmus,  first  reddening  and  almost 
instantly  bleaching,  are  sufficiently  distinctive.  The  odour,  bleaching  power, 
and  action  of  HCl  are  properties  possessed  by  hypoclilorites  in  common 
with  the  acid  itself.  They  are  also  indicated  by  their  ready  solubility  in 
water. 

4.  CHLOEOUS  ACID  aud  CHLOEITES. 

dilorons  Add  is  a  link  between  hypochlorous  and  chloric,  and  as  such  is 
worthy  of  a  passing  notice.  It  is  energetic  in  entaing  into  combination  with 
hydrates,  but  does  not  act  upon  carbonates.  Its  solution  has  the  properties 
of  chlorine,  but  in  an  intensified  degree,  and  is  quickly  decomposed  by  heat. 

Ghlorites  are  usually  soluble  in  water,  and  only  the  silver  and  lead 
salts  are  of  slight  solubility.  The  former  is  not  decomposed  by  boiling,  and 
may  thus  be  distiHguished  from  the  hypochlorite.  Care  must  be  taken  that 
the  heat  does  not  reach  105**  C,  as  the  argentic  chlorite  then  'explodes. 

5.  CHLOEIC  ACID  and  CHLORATES. 

Chloric  Acid  is  a  syrupy  liquid  readily  decomposed  by  heat  or  reducing 
agents,  often  with  explosive  violence.  It  is  colourless,  strongly  acid,  and  has 
no  bleaching  properties. 

Chlorates  (to  be  practised  on  potassium  chlorate — KCIO3). 

1.  Heated  on  charcoal,  they  deflagrate. 

2.  Heated  with  strong  sulphuric  acid,  they  evolve  chlorine  peroxide — 

CI2O4— which  is  yellow  and  explosive. 

3.  Their  solutions  yield  no  precipitate  with  argentic  nitrate ;  but  if  a 

little  of  the  solid  be  heated  to  redness,  and  the  residue  dissolved 
in  water,  a  precipitate  of  argentic  chloride  is  obtained.  The 
same  reduction  from  chlorate  to  chloride  may  also  be  effected 
by  adding  zinc  and  dilute  sulphuric  acid  to  the  solution. 

5a.  SEPARATION  OF  CHLORATES  Ain)  CHLORIDES.. 

Add  excess  of  argentic  nitrate,  filter  out  the  argentic  chloride  formed,  and 
then  acidulate  with  sulphuric  acid,  and  drop  in  a  fragment  of  zinc,  when, 
if  a  chlorate  be  present,  a  second  precipitate  of  argentic  chloride  will  form. 

6.  PERCHLORATES. 

Are  distinguished  from  chlorates — 

•  I.  By  giving  off  perchloric  acid,  when  heated  with  sulpfiuric  acid,  with- 
out explosion  or  evolution  of  chlorine  peroxide. 
2.  Like  chlorates,  they  require  reduction  to  chlorides  before  giving  a 
precipitate  with  argentic  nitrate. 
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7.  BBOHniB,  HYPEOBBOMIC  ACIB^  and  BROMIDES. 

Bromine  is  distinguished, — 

1.  By  its  appearance — heavy,  reddish-brown  liquid,  giving  off;  reddish 

fumes  of  a  very  penetrating,  unpleasant  odour. 

2.  By  turning  starch  paste  yellow  or  pink. 

3.  AVhen  present  in  small  quantity  in  solution^  on  adding  a  few  drops 

of  chloroform  and  shaking,  an  orange  colour  is  imparted  to 
that  liquid,  which  sinks  to  the  bottom  of  the  aqueous  solution. 

4.  By  the  bleaching  power  of  its  solution. 
Hydrobromic  Acid  is  known^ — 

By  its  add  reaction  and  the  production  of  fumes  oi  bromine  with 
nitrous  acid. 
Bromides  are  all  soluble  in  water,  except  the  silver,  mercurous,  and  lead  salts ; 
they  are  detected  by  the  following  characters  (to  be  practised  on 
potassium  bromide — KBr)  :— 

1.  Heated  with  strong  solphnric  add,  they  evolve  red  vapours  of 

bromine. 

2.  A    similar    effect  is   produced  by  snlphnric  acid  and  metallio 

dioxides,  such  as  PbO^,  MnOs- 

3.  Mixed  with  starch  paste,  and  a  few  drops  of  chlorine  water  care- 

fully added,  they  give  an  orange  colour  (starch  bromide). 

4.  Mixed  in  a  long  tube  with  ether,  diloroform,  or  carbon  disnlphide, 

and  a  few  drops  of  cUorine  water  added,  the  whole,  when 
shaken  well  together,  leaves  a  characteristic  reddish-coloured 
stratum  of  free  bromine,  dissolved  in  the  menstruum  used  In 
the  case  of  ether,  the  stratum  is  visible  on  the  top,  while  with 
the  other  two  it  is  noticed  at  the  bottom  of  the  liquid  in  the 
tube. 

5.  With    argentic    nitrate    they  give  a  dirty-white  precipitate  of 

argentic  bromide,  insoluble  in  nitric  acid,  slowly  soluble  in  am- 
monium hydrate. 

6.  Distilled  with  potassium  dichromate  and  snlplraric.acid,  red  fumes 

are  evolved,  which  give  no  colour  when  passed  into  ammonium 
hydrate. 
InsolnUe  Bromides  should  be  first  boiled  with  NaHO  as  described  under 
insoluble  chlorides. 


&  DETECTION  OF  CHLOBIDSS  IN  TEE  PRESENCE  OF  BEOHIDES. 

(To  be  practised  on  a  mixture  of  KCl  and  KBr.) 

The  solution  is  divided  into  two  parts,  in  one  of  which  the  bromide  is  proved 
by  the  addition  of  chlorine  water,  and  shaking  up  with  chloroform.  The 
second  portion  is  evaporated  to  dryness,  and  the  residue  placed  in  a  tube  re- 
tort with  a  little  potassium  dichromate  and  sulphuric  acid.  Into  the  receiver 
is  placed  a  little  dilute  ammonium  hydrate,  and  distillation  is  proceeded  with, 
when,  if  a  chloride  be  present,  the  liquid  in  the  receiver  will  be  coloured 
yellow. 

9.  HTPOBBOMOUS  ACID  and  HTPOBSOMITES. 

These  are  ^ry  similar  to  h3rpochlorites,  and  react  as  follows :-~ 
I.  They  decompose  by  heat,  leaving  a  bromide  : 
3.  On  boiling  with  an  alkali,  amixtsre  of  bron 
3.  The  acid  itself  is  straw-yellow  in  ctikmt^  s 
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10.  BBOmC  ACID  and  BBOMATES. 

These  are  recognised — 

1.  By  deflagrating  on  charcoal^  leaving  the  corresponding  bromide. 

2.  By  liberating  bromine  on  die  addition  of  dilute  sulphurous  acid. 

VL  lODDTE,  HTDBIODIC  ACID,  and  IODIDES. 

Iodine  is  readily  known  by  its  glistening  black  scales,  its  odour,  the  violet 
vapour  on  heating,  and  the  production  of  blue  iodide  of  starch  on  adding  a 
solution  to  starch  paste. 

Hydriodic  Acid,  in  the  gaseous  state,  is  known  by  the  formation  of  a  brown 
colour  on  holding  paper  moistened  with  chlorine  water  (blue  if  also  dipped  in 
starch  paste)  over  a  tube  in  which  it  is  being  evolved.  The  solution  decom- 
poses on  exposure  to  the  air,  becoming  yellow  or  brown  on  account  of  the 
separation  of  iodine.  Thus,  if  the  solution  be  colourless  at  first,  acid  in  re- 
action, and  giving  no  effect  with  starch  paste,  but  producing  a  blue  on  exposure 
to  the  air,  or  more  rapidly  on  adding  HNO3  ^^  ^1  water,  HI  may  be  inferred 
with  certainty. 

Iodides  are  readily  known  by  the  following  reactions  (which  may  be  prac- 
tised on  solution  of  potassium  iodide,  KI) : — 

1.  The  light  yellow  precipitate  of  argentic  iodide — Agl — formed  when 

a  solution  (containing  alkaline  metals  only)  is  added  to 
argentic  nitrate  dissolved  in  water.  The  precipitate,  when 
freed  from  the  supernatant  liquid,  does  not  dissolve  in  hot 
HNO3  and  is  practically  insoluble  in  ammonium  hydrate, 
being  thus  distinguished  from  a  chloride. 

2.  A  neutral  solution  (produced,  if  alkaline  in  the  first  place,  by  the 

cautious  addition  of  dilute  HNO3  ^  ^^  ^^^^»  ^y  dropping  in 
KHO  solution  until  test-paper  is  unaffected)  gives  with  one 
part  of  cnpric  snlphate — CUSO4— and  three  parts,  or  rather 
less,  of  ferrous  snlphate — FeS04— dissolved  ^^  ^  ^^^^^  water, 
a  greyish  precipitate  of  cuprous  iodide — (Cu2)''I'2. 
The  same  precipitate  is  produced  if  snlphnrons  acid — HgSOs — be 
used  with  the  cupric  sulphate  instead  of  ferrous  sulphate. 

3.  Palladions  Chloride — PdClg— or  palladions  nitrate — Pd2(NOs) — 

gives  a  black  precipitate  of  palladions  iodide — Pdlg—decom- 
posed  somewhat  below  the  temperature  of  boiling  mercury, 
iodine  being  evolved,  and  the  metal  left  This  is  a  very  ex- 
pensive but  efficient  separation. 

4.  Mucilage  of  Starch  and  nitrons  acid  or  chlorine  water  (if  not  added 

too  plentifully),  produces  bine  iodide  of  starch,  decomposed  by 
heat  but  re-formed  on  cooling ;  also  destroyed  by  excess  of  CI 
(iodine  tri-chloride — \Q\ — being  produced).  The  nitrons  acid 
may  be  replaced  by  potassium  nitrite — KNOg — and  dilute 
HgSO^,  the  HNO2  ^^^  being  set  free  in  the  solution.  An 
iodide  treated  with  strong  H2SO4  yields  HI  at  first ;  but  this 
acting  on  the  excess  of  acid,  is  transformed  into  free  I,  the 
H2SO4  at  the  same  time  being  reduced  by  the  hydrogen  to 
sulphurous  acid — H2SO3 — or  even  to  sulphuretted  hydrogen 
— HgS. 

5.  When  mercuric  chloride — HgClg — in  aqueous  solution,  is  cautiously 

dropped  into  a  liquid  containing  an  iodide,  a  stage  is  reached 
at  which  a  permanent  precipitate  of  red  mercuric  iodide — 
Hglj — ^is  produced.    The  reaction  is  not  reliable  imless  great 
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care  be  taken,  as  too  rapid  or  insufficient  additioQ  of  the  HgC]2 
may  either  dissolve  the  precipitate  or  fail  to  form  it.  If  ac- 
tually produced,  however,  its  colour  and  insolubility  indicate 
iodine  with  certainty,  since  CI,  Br,  and  Cy  are  colourless  and 
soluble  when  combined  with  mercury  (ic). 
6.  Flmnbic  Nitrate  or  Acetate— -Pb2(N03)— or  Pb(C2H302)2,  throw 
down  ydlow  Pbig  from  cold  solutions.  This  precipitate  is 
soluble  in  hot  water,  and  dissolves  slightly  even  at  ordinary 
temperatures ;  consequently  the  test  cannot  be  relied  on  to 
give  any  effect  in  weak  solutions. 

12.  DETECTION  OF  BBOHIDES  IN  THE  PRESENCE  OF  IODIDES. 

(Practise  on  a  mixture  of  KBr  and  KI.) 

Add  to  the  solution  a  very  small  quantity  of  starch  paste  and  then  a  drop 
or  two  of  chlorine  water,  when  a  blue  colour  will  be  produced  proving  the 
iodide.  Continue  to  add  more  chlorine  water  until  this  blue  is  entirely  dis- 
chargecj  and  then  shake  up  with  chloroform,  when,  if  a  bromide  be  present,  the 
characteristic  golden  colour  will  be  communicated  to  the  chloroform. 

13.   DETECTION  OF  CHLOBIDES   IN   THE  PRESENCE   OF   IODIDES. 

(Practise  on  a  mixture  of  KCl,  KBr,  and  KI.) 

Add  excess  of  argentic  nitrate,  warm,  pour  off  the  supernatant  liquid,  wash 
with  warm  water,  and  shake  up  the  precipitate  in  dilute  solution  of  ammonium 
hydrate  (i  in  3).  The  argentic  iodide  will  remain  insoluble,  while  the  chloride 
will  dissolve  and  may  be  detected  in  the  solution  after  filtration  by  reprecipita- 
tion  with  excess  of  nitric  acid.  As  argentic  iodide  is  not  absolutely  insoluble 
in  ammonium  hydrate,  a  mere  cloud  on  adding  the  nitric  acid  is  to  be  disre- 
garded. This  test  is  only  accurate  in  the  ensured  absence  of  a  bromide, 
proved  as  above  directed  (see  12).  If  a  bromide  is  present,  the  chlofide  can 
only  be  proved  by  the  distillation  with  potassium  dichromate  and  sulphuric 
acid  (see  8). 

14.  SEPARATION  OF  AN  IODIDE  FROM  A  BROMIDE  AND  CHLORIDE. 

(Practise  on  a  mixture  of  KCl,  KBr,  and  KI.) 

T.  Add  to  the  solution  a  mixtiu-e  of  one  part  cnpric  sulphate  and 
three  parts  ferrous  sulpliate,  or  mix  the  solution  with  excess  of 
cnpric  sulphate  and  drop  in  sulphurons  acid  till  precipitatioa 
ceases.  The  iodide  will  separate  as  cuprous  iodide — Cu^Ig — 
leaving  the  bromide  and  chloride  in  solution.  Unless  care- 
fully done,  this  separation  is  not  absolutely  accurate. 

2.  Add  to  the  solution  palladious  nitrate  until  precipitation  ceases. 
Filter  out  the  palladious  iodide  which  separates  and  pass  sul- 
phuretted hydrogen  through  the  liquid  to  remove  excess  of 
palladium  and  again  filter.  Boil  to  expel  the  excess  of  H^S, 
and  the  bromide  and  chloride  remain  in  solution. 

15.  IODIC  ACID  and  lODATES. 

The  acid  is  a  crystalline  solid,  breaking  up  by  heat  into  oxygen  and  violet 
vapours  of  iodine.     lodates  are  known, — 

I.  By  giving  a  blue  with  starch  paste  on  the  ad(*«'^< 
acid. 
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2.  By^  yielding  a  precipitate  of  ferric   oxy-iodate  on  adding  ferric 
*  chloride. 

15a.  DETECnOH  OF  AH  lODATE  IN  AH  IODIDE. 

(Practise  on  a  solution  of  iodine  in  heated  potassium  hydrate — KJ  +  KIOj.) 

When  excess  of  tartaric  acid  is  added  to  potassium  iodate,  iodic  acid  is  set 
free ;  and  when  the  same  acid  is  added  to  potassium  iodide,  hydriodic  acid  is 
set  free,  and  potassium  hydro-tartrate  formed.    Thus : 

5KI  +  KIOs  +  6H2C4H4O8  =  5  HI  +  HlOg  +  eKHQH^g. 

If  these  acids  bfe  thus  liberated  together,  they  immediately  decompose, 
forming  water  and  free  iodine  : 

5HI  +  HIOs  =  3l2  +  3H30. 

If  therefore  starch  paste  and  tartaric  acid  be  added  to  pure  potassium  iodide 
no  coloration  takes  place,  because  only  hydriodic  acid  is  liberated ;  but  if  the 
sample  contains  potassium  iodate,  an  immediate  production  of  free  iodine 
ensues,  which  turns  the  starch  blue. 


16.  PEBIODIC  ACID  and  PEBIODATES. 
Periodic  Acid  is  known, — 

1.  By  its  strongly  acid  deliquescent  crystals^  decomposed  by  heat  into 

iodic  anhydride — IgOj — and  ultimately  into  I  and  O. 

2.  By  the  production  of  I,  by  the  action  of  organic  and  other  reducing 

agents. 

Periodates  are  distinguished, — 

1.  By  precipitating  with  barium  chloride — BaClj — in  a  neutral  solution 

and  digesting  in  ammonium  carbonate  to  which  some  NH^HO 
has  been  added.  The  periodate  is  not  decomposed.  lodates 
leave  barium  carbonate,  which  when  washed  dissolves  in  acid 
with  effervescence. 

2.  By  adding  Hg2N03  and  treating  the  yellowish  precipitate  with 

SnClg.     It  turns  green,  HgjIg  being  produced. 

17.  WATER   and   HTDBATES. 
Water  is  recognised, — 

1.  By  its  absolute  neutrality  to  test-paper. 

2.  By  its  evaporating  without  residue,  fumes,  or  odour  of  any  kind. 

3.  By  its  turning  white  anhydrous  cupric  sulphate  blue. 

4.  By  its  yielding  pure  hydrogen  when  boiled  and  the  steam  passed 

slowly  over  ferrutn  redacium,  B.P.,  heated  to  bright  redness  in 
an  iron  tube. 

5.  By  its  undergoing  electrolysis,  and  yielding  hydrogen  at  the  negative 

and  oxygen  at  the  positive  electrode. 
The  soluble  Hydrates,  viz.,  KHO,  NaHO,  LiHO,  BaaHO,  Sr2H0,  and 
Ca2H0  are  known, — 

1.  By  being  more  or  less  soluble  in  cold  water,  yielding  solutions 

which  are  strongly  alkaline  to  test-paper. 

2.  By  dissolving  in  hydrochloric  acid  without  effervescence  and  with- 

out smell. 

3.  By  giving  a  brownish-black  precipitate  of  argentic  oxide — Ag20 — 

with  argentic  nitrate. 
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The  insoluble  Hydrates  are  recognised, — 

By  giving  off  steam  when  heated  in  a  dry.  test-tube  and  leaving  a 
residue  nrhich  behaves  like  the  corresponding  oxide. 

18.  OXIDES. 

An  oxides  are  insoluble  in  water.  Those  of  K,  Na,  Li,  Ba,  Sr,  and  Ca, 
when  placed  in  contact  with  that  liquid,  unite  with  it  to  iform  hydrates,  which 
dissolve  with  a  greater  or  less  degree  of  readiness  and  give  the  characters  of 
the  soluble  hydrates  already  mentioned. 

Normal  Oxides  can  only  be  recognised  by  negative  results,  such  as : — 

1.  Heated  alone,  they  are  not  changed ;  except  argentic  oxide,  which 

leaves  the  metal,  and  mercuric  oxide,  which  volatilizes  and 
breaks  up  into  the  metal  and  oxygen. 

2.  They  are  insoluble  in  water  (exceptions  K,  Na,  Li,  Ca,  Ba,  and  Sr, 

converted  into  soluble  hydrates)  but  soluble  in  hydrochloric  or 
nitric  acid  without  effervescence  and  without  smell. 

3.  After  dissolving  and  removing  the  metal  by  H^S  or  NagCOg  as  most 

'   convenient,  no  acidulous  radical  other  than  that  of  the  acid 
used  to  dissolve  is  found. 

4.  Boiled  with  strong  NaHO  and  filtered,  or  fused  with  KNaCOs  ^^^ 

digested  with  water,  the  solution  gives  no  reaction  for  any  acid  . 
radical  except  the  soluble  hydrate  or  carbonate  employed. 

Peroxides,  on  account  of  their  containing  an  excess  of  oxygen,  differ  from 
normal  oxides, — 

1.  By  giving  off  oxygen  when  strongly  heated. 

2.  By  evolving  chlorine  when  heated  with  hydrochloric  acid. 

19.  SULPHUB,  HTDROSULPHUBIC  ACID,  and  SULPHIDE6. 

Ordinary  Sulfur  is  recognised, — 

1.  By  its  burning  entirely  away  with  a  pale  blue  flame,  and  evolving 

sulphurous  anhydride. 

2.  By  its  insolubility  in  all  ordinary  menstrua,  such  as  water,  alcohol, 

and  ether,  but  dissolving  readily  in  carbon  disulphide. 

3.  When  slowly  heated  in  a  tube,  it  first  melts,  then  thickens,  then 

melts  again,  and  finally  boils,  the  vapour  taking  fire  and  forming 
sulphurous  anhydride. 

Precipitated  Sulpliiir  possesses  the  above  characters  and  is  specially  distia- 

guished  from  ordinary  sulphur  b^  being  quite  amorphous  under 
the  microscope,  while  the  latter  is  crystalline. 

Hydrosulplmric  Acid  (sulphuretted  hydrogen)  is  known, — 

1.  By  being  a  colourless  gas  with  a  disgusting  odour  of  rotten  eggs 

and  inflammable^  burning  in  the  air  to  produce  sulphiu-ous 
acid. 

2.  By  turning  a  piece  of  paper  black,  which  has  been  moistened  with 

solution  of  plumbic  acetate  and  held  over  the  mouth  of  the  tube 
or  jet  firom  nvhich  it  issues. 

Hormal  Sulphides  are  divisible  into  five  classes : — 

I.  Soluble  in  water,  including  the  sulphides  of  K,  Na,  Nl 
and  Mg. 


56  DETECTION  OF  ACIDULOUS  RADICALS, 


2.  Insoluble  in  water,  but  readily  soluble  in  dilute  hydrochloric  acid, 

including  those  of  Fe,  Mn,  Zn. 

3.  Insoluble  in  dilute,  but  soluble  in  strong  boiling  hydrochloric  acid, 

including  the  sulphidfes  of  Ni,  Co,  Sb,  and  Sn  ^PbS  is  also 
slightly  affected,  but  separates  on  cooling,  as  chlonde). 

4.  Insoluble  in  hydrochloric  acid,  but  attacked  by  strong  heated  nitric 

acid,  being  converted  wholly  or  partially  into  sulphates.  These 
include  the  sulphides  of  Pb,  Ag,  Bi,  Cu  (arsenious  sulphide  is 
slowly  affected). 

5.  Not  dissolved  by  any  single  acid,  but  converted  into  a  soluble 

sulphate  by  the  action  of  nitro-hydrochloric  acid,  or  hydro- 
chloric acid  and  potassium  chlorate;  including  those  of 
Hg,  As,  Au,  and  Pt. 

Sulphides  soluble  in  water  or  in  hydrochloric  acid  are  recognised, — 

1.  By  giving  off  sulphuretted  hydrogen  when  heated  with  that  acid, 

which  gives  the  smell  and  reactions  already  noted. 

2.  Soluble  sulphides  precipitate  solutions  of  lead  and  cadmium,  black 

and  yellow  respectively. 

3.  Soluble  sulphides  give  a  purple  colour  with  sodium  nitroprusside 

only  after  the  addition  of  a  soluble  hydrate. 

Sulphides  insoluble  in  hydrochloric  acid  are  best  detected, — 

1.  By  heating  with  strong  nitric  or  nitro-hydrochloric  acid,  diluting 

the  solution,  and  testing  for  a  sulphate  with  barium  chloride 
(see  24). 

2.  By  fusion  with  KNaCOs  and  KNO,,,  digesting  the  residue  in  water, 

filtering  and  testing  the  solution  for  a  su/p/iate  formed  by  the 
oxidizing  action  of  the  potassium  nitrate. 

3.  Mix  a  little  with  sodium  carbonate  and  borax,  and  heat  on  charcoal 

before  the  blowpipe.  Remove  the  mass  thus  obtained,  place  it 
on  a  clean  silver  coin,  and  moisten  with  a  drop  of  distilled  water ; 
when,  owing  to  the  formation  during  ignition  of  sodium  sulphide 
— NanS — a  black  stain  of  argentic  sdphide — AggS — will  be  pro- 
duced. 

• 

Polysulphides  as  commonly  met  with  are  those  of  the  alkalies,  and  are  soluble 
in  water.     They  are  known, — 

1.  By  the  deep  yellow  or  orange  colour  of  their  solutions. 

2.  By  evolving  sulphuretted    hydrogen  accompanied  by  a   deposit    of 

sulphur  when  treated  with  hydrochloric  or  dilute  sulphuric 
acids. 
The  polysulphides  which  are  insoluble  in  hydrochloric  acid,  such  as  iron 
pyrites — FeSg — copper  pyrites— FcgCugS^ — etc.,  are  best  proved  by  fusion  and 
conversion  into  sulphate.  They  may,  however,  be  recognised  by  heating 
with  hydrochloric  acid  and  zinc,  when  the  excess  of  sulphur  will  pass  oflf  as 
HoS,  leaving  the  normal  sulphide. 

20.  DETECTION  OF  A  SOLUBLE  SULPHIDE  IK  PRESENCE  OF  A 

SULPHITE  AND  A,  SULPHATE. 

Pour  the  solution  on  a  little  cadmium  carbonate — CdCOg — filter,  and  treat 
the  insoluble  matter  with  acetic  acid  to  remove  any  unacted-upon  cadmium 
carbonate.  If  a  sulphide  have  been  present,  a  yellow  residue  of  cadmium 
sulphide  will  remain  insoluble  in  the  acetic  acid,  while  cadmium  sulphite  and 
sulphate  will  be  found  in  the  first  filtrate,  if  these  two  radicals  were  present 
'  separation  of  sulphites  and  sulphates). 
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21.  THIOSULPHURIC  ACID  and  THIOSULFHATES  (Hyposulphites). 

The  acid  is  not  known  in  the  free  state  j  but  its  salts,  commonly  known  as 
hyposulphites,  are  usually  soluble  in  water,  and  exhibit  the  follo^ving  charac- 
ters : — 

1.  With  either  dilute  or  strong  HCl  and  Hc,S04,  they  yield  SOg  gas 

and  a  yelloiu  deposit  of  S  (distinction  from  sulphides^  poly- 
sulphides^  and  sulphites), 

2.  j\gN03  gives  no  precipitate  at  first,   owing  to  excess  of  a  hypo- 

sulphite dissolving  argentic  hyposulphite — AggSgOs — ^^^  ^^ 
continuing  the  addition,  this  AggSgOs  ^^  precipitated  of  a  white 
colour.  The  salt  splits  up  spontaneously,  becoming  yellow, 
brown,  and  lastly  black,  and  being  changed  completely  into 
argentic  sulphide^-AggS.  The  same  decomposition  of  the 
precipitate  occurs  on  substituting  HgNOs  or  Pb2N03  for 
AgNOs;  and  in  all  three  cases  heat  accelerates  the  action, 
and  H2SO4  is  the  by-product 

3.  Fe^Clg,     NkoOClo,    and    CI    water    convert    hyposulphites   into 

sulphates,  even  without  applying  heat. 

NagSoOg  +  HgO  +  4Na20Clg  =  2NaHS0.4  +  8NaCl. 

The  first  produces  a  reddish-violet  colour,  and  this  gradually  disappears 
as  FeClg  is  formed.     {This  colour  is  not  produced  by  sulphites,) 

4.  HCl  and  dilute  H3SO4  evolve  HgS  when  zinc  is  dropped  in.      The 

reaction  is, — 

4  Zn  +  loHCl  +  NagSoOa  =  4ZnCl2  +  2NaCl  +  sHgO  +  2H2S. 

22.  SEPARATION  OF  THIOSULFHATES  FBOM  SULFHIDES. 

Having  obtained  a  good  preliminary  idea  by  heating  with  Hg  SO4,  add  to 
a  portion  of  the  original  solution — ZnSO^ — in  excess,  and  filter. 

{a)  Precipitate  white,  and  soluble  in  HCl,  with  smell  of  HgS 

=  Sulphides. 

(3)  A  portion  of  filtrate  heated  with  H3SO4  deposits  S  and  smells  of 
SOg  j  and  another  portion  added  to  a  drop  or  two  of  ammonio- 
cupric  sulphate  instandy  causes  decolorization 

=  Hyposulphites. 

23.  SULFHUBOUS  ACID  and  SULFHITES. 

Sulphurous  acid  in  solution  is  recognised, — 

1.  By  its  pungent  odour  of  burning  sulphur. 

2.  By  adding  barium  chloride  in  excess,  filtering  out  any  precipitate  of 

barium  sulphate  which  may  form  (owing  to  the  fact  that  all 
samples  of  the  ordinary  acid  contain  sulphuric  acid),  and  then 
adding  chlorine  water  and  getting  anoUier  copious  white  pre- 
cipitate of  barium  sulphate  owing  to  the  conversion  of  the 
sulphurous  into  sulphuric  acid  by  the  oxidizing  action  of  the 
chlorine  water,  thus : — 

H3SO3  +  BaClg  +  CI3  +  HgO  =  BaSO^  +  4HCI. 

3.  Treated  with  zinc  and  hydrochloric  acid,  it  evolves  sulphuretted 

hydrogen,  thus : — 

3Zn  +  6HC1  +  H3SO3  =  sZnClg  +  HgS  +  sHjO. 
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4.  When  a  solution  of  iodine  is  dropped  into  the  liquid,  its  colour  is 
discharged,  owing  to  its  conversion  into  hydriodic  add  by  the 
hydrogen  of  the  water,  the  oxygen  of  which  passes  at  the  same 
time  to  the  sulphurous  acid,  forming  sulphuric  acid. 

HgSOs  + 13  +  H2O  =  HgSO^  +  2HI. 

Sulphites  are  known  by.  the  following  characteristics  : —  ■ 

1.  All  except  the  alkaline  sulphites  are  sparingly  soluble  in  water. 

2.  When  heated  with  sulphuric  acid  they  evOlve  sulphurous  anhydride, 

without  deposU  of  sulphur, 

3.  Acted  on  with  zinc  and  hydrochloric  acid,  they  evolve  sulphuretted 

hydrogen,  which  bladcens  a  piece  of  paper  moistened  with 
plumbic  acetate  and  held  over  the  mouth  of  the  test-tube. 

4.  A  salt  of  silver,  mercury,  or  lead,  produces  a  precipitate,  which  on 

heating  turns  dark,  owing  to  the  formation  of  a  sulphide  and 
free  sdphuric  acid. 

5.  By  boiling  with  barium  chloride  and  chlorine  water  or  nitric  acid, 

barium  sulphate  is  produced^  and  precipitates. 

6.  The   acid   gas — SO3 — combines  directly  with  peroxides  to  form 

sulphates.     For  instance  : — 

PbOg  +  SOo  =  PbSO^. 

This  reaction  is  utilized  in  gas  analysis,  to  separate  SOg  from  a  gaseous 
mixture. 

7.  K2Cr207  and  HCl  give  a  beautiful    green  coloration   of  chromic 

sulphate  or  chloride.  This  test  is  very  delicate,  but  by  itself  is 
not  conclusive. 

24  SXJLPHUBIC  ACID  and  SULPHATES. 

The  acid  is  detected  as  subjoined  : — 

1.  By  its  appearance.    A  heavy,  oily,  odourless,  and  nearly  colourless 

liquid,  powerfully  acid  and  corrosive. 

2.  By  its  charring  effect.     This  is  made  evident  when  the  strong  acid 

is  dropped  upon  white  paper,  wood,  etc.,  or  when  the  dilute 
acid  is  evaporated  in  a  basin  containing  a  little  white  sugar. 
The  carbonization  is  due  to  the  power  the  acid  has  of  abstract- 
ing the  elements  of  water  from  organic  bodies. 

3.  By  liberating  an  explosive  gas  from  KClOg  when  heated  with  it. 

The  test  is  not  available  with  dilute  acid. 

Sulphates  are  soluble  in  water,  with  the  exception  oi  basic  sulpliatcs  (soluble 
in  acids)  and  BaSO^,  SrSO^,  CaSO^,  and  PbS04.  (AggSO^  is  only  slightly 
soluble.)  When  those  insoluble  in  dilute  acids  are  required  to  be  analysed, 
they  are  decomposed  either  by  boiling  with  potassium  or  sodium  hydrates  or 
by  ignition  with  KNaCOs,  the  latter  being  preferable.  The  sulphate  radical, 
being  brought  into  combination  with  K  or  Na  to  form  a  soluble  sulphate,  is 
to  be  tested  for  in  the  filtrate  after  boiling  with  water.  Sulphates  are  recog- 
nised by  the  following  characters  : — 

I.  BaClg  or  Ba2N08  produces  a  white  precipitate  of  barium  sulphate 
— Ba  SO4 — insoluble  in  boiling  water  and  also  (after  washing 
to  remove  excess  of  BaClg)  in  boiling  nitric  acid.  This  wash- 
ing is  necessary,  as  the  addition  of  a  strong  acid  to  a  solution 
of  barium  chloride  often  causes  the  reagent  to  crystallize  out,  and 
this  is  then  mistaken  by  the  student  for  a  true  precipitate  of 
sulphate. 
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2,  The  addition  of  a  soluble  salt  of  lead  or  strontium  also  causes  the 

formation  of  insoluble  sulphates ;  but  these  reactions  are  never 
in  practice  us^d,  the  barium  chloride  being  at  once  the  most 
delicate  and  serviceable  reagent. 

3.  Heated  with  a  little  Na^COs  on  charcoal  in  the  inner  blowpipe 

flame,  sulphates  are  redtlced  to  sulphides,  and  the  residue  placed 
on  a  clean  silver  coin  and  moistened  with  water,  leaves  a  black 
stain. 

25.  SEPAKATIOH  of  SULPHIDES,  SULPHITES,  ud  SULPHATES. 

Pour  the  solution  on  an  excess  of  cadmium  carbonate,  digest  at  a  gentle 
heat,  filter,  and  examine  the  precipitate  for  a  sulphide  as  already  directed  (19). 
The  filtrate,  which  may  contain  the  sulphite  and  sulphate,  is  precipitated  by 
barium  chloride,  the  insoluble  precipitate  filtered  out  and  boiled  withalitde 
hydrochloric  add,  which  will  dissolve  the  barium  sulphite  with  evolution 
of  sulphurous  anhydride — SO3 — ^and  leave  the  barium  sulphate  insoluble. 

26.  CABBOH,  CARBONIC  ACID,  and  CARBONATES. 

Carbon  is  known : — 

1.  By  its  black  colour  and  the  production  of  a  gas  when  burnt,  which 

is  odourless,  so  heavy  that  it  can  be  poured  firom  one  vessel  to 
another,  and  causes  a  white  precipitate  when  passed  into  solu- 
tion of  calcium  hydrate. 

2.  By  its  capability  of  removing  many  vegetable  colouring  matters 

from  their  solutions. 
Carbonic  Acid  is  not  known  in  the  free  state,  splitting  up  into  carbonic 
anhydride — CO3 — and  water.    CO^  is  recognised, — 

1.  By  being  odourless  and  givmg  white  insoluble  CaCOs  (or  BaCOg) 

when  passed  into  a  solution  of  Ca2H0  (or  Ba2H0).     * 

2.  By  turning  blue  litmus  purple  or  wine-red,  the  original  tiAt  being 

restored  by  heat,  the  COj  escaping. 
Carbonates  are  mosdy  insoluble  in  water,  the  alkaline  carbonates  alone 
dissolving.  CaCOj,  SrCOjj,  BaCO,  and  MgCOj  (also  MnCOj  and  FeCOj) 
dissolve  in  water  containing  CO9  (especially  under  pressure)  forming  bicar- 
bonates  or  hydrogen  carbonates,  from  which  COo  passes  off  on  boiling.  All 
carbonates  give  off  CO,  on  ignition,  except  K2CO3  and  Na^COs.  A  white 
heat  is  needed  to  decompose  BaCOg  and  SrCOj.  A  few  carbonates  yield 
the  metal  on  heating,  but  the  majority  leave  the  oxide.  Their  recognition 
depends  upon, — 

1.  Effervescing  with  a  solution  of  almost  any  add  (HgS  and  HCy 

excepted),  organic  or  inorganic,  and  giving  off  an  odourless 
gas— COjj. 

2.  When  the  gas  given  off  is  poured  or  passed  into  a  solution  of 
,^  calcium  hydrate,  a  white  precipitate  of  CaCOs  falls,  which  dis- 
solves on  continuing  to  add  CO^.  When  the  gas  given  off  has 
the  odour  of  HgS  or  SO^,  either  of  these  may  be  removed  by 
passing  through  KJCrO^  and  HCl,  which  is  rendered  green,  and 
the  unacted-upon  COg  is  allowal  to  pass  into  calcium  hydrate 
solution  as  before. 

27.  BOBtC  ACID  and  BORATES. 

Boric  {or  Bbradc)  Acid— HsBOj---  is  a  common  s^ 
under: — 
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1.  It  is  a  white  crystalline  solid,  giving  off  water  on  being  heated  and 

leaving  the  anhydride — B2O3. 

2.  When  wanned  with  alcohol,  a  green  flame  is  produced  on  applying 

a  light  to  the  latter. 

3.  When  dissolved  in  hot  water  and  a  piece  of  turmeric  paper  dipped 

in  the  solution,  the  yellow  colour  is  unaffected ;  but  upon  drying 
the  paper  it  becomes  brownish-red. 
All  borates  dissolve  in  dilute  acids,  but  few  in  water,  and  when  de- 
composed by  hot  acids,  let  fall  crystalline  boric  acid  on  cool- 
ing, which  answers  to  the  above  characters. 
The  presence  of  soluble  borates  is  detected  by  the  following  tests  : — 

1.  They  give,  on  heating  with  calcium  chloride,  rendered  slightly  alka- 

line with  ammonium  hydrate,  a  white  precipitate  of  calcium 
borate,  soluble  in  acetic  acid,  and  so  distinguished  from  oxalate. 

2.  On  rendering  the  solution y«j/  acid  with  hydrochloric  acid,  and  then 

dipping  in  a  piece  of  turmeric  paper,  and  drying  the  same  after 
immersion  at  a  gentle  heat  it  will  be  turned  red. 

3.  Besides  these  two  tests,  which  are  in  themselves,  taken  together, 

quite  conclusive,  borates  give  a  precipitate  with  argentic  nitrate 
soluble  in  nitric  acid. 

4.  When  a  little  of  the  solid  borate  is  moistened,  first  with  a  drop  ot 

sulphuric  acid  and  then  with  about  a  drachm  of  spirit  of  wine, 
the  alcoholic  solution  of  boric  acid  so  obtained  burns  with  a 
bright  green  flame. 

5.  When  KHSO4  (potassium   hydrogen  sulphate)  is  heated  with  a 

borate  in  the  blowpipe  flame  on  platinum  wire,  the  flame  is 
tinged  green, 

28.  SILICIC  ACID  and  SILICATES. 

The  acid  H^SiO^  is  scarcely  ever  met  with,  and  we  have  practically  to 
deal  with  the  anhydride — SiOg — which  is  totally  insoluble  in  water  and  dilute 
acids,  the  acid  dissolving  slightly  in  both.     Si02  is  characterized, — 

1.  By  its  infusibility  when  heated. 

2.  By  its  insolubility  in  water  and  all  acids  except  HF. 

3.  By  forming,  when  heated  with  HgSO^  and  CaFo  in  a  leaden  vessel, 

gaseous  silicic  fluoride — SiF^ — which  deposits  the  acid — H^SiO^ 
— and  forms  hydrofliwsilicic  acid — HoSiFg — and  HF,  in  contact 
with  moisture. 
Silicates  are  not  as  a  rule  soluble  in  water,  K4Si04  and  Na^SiO^  being 
the  only  ones  thus  affected,   especially  when  much    KHO    or  NaHO  is 
present.     Many  of  them  do  not  dissolve  in  strong  acids  (a  few  are  decom- 
posed by  hot  H2SO4,  but  by  no  other  acid),  but  all  are  split  up  by  the  action 
of  gaseous  hydrofluoric  acid  or  a  mixture  6li  CaFg  and  HgSO  j. 

1.  On  adding  HCl  to  a  soluble  silicate  H^SiO^  falls  as  a  gelatinous, 

— scarcely  visible, — precipitate,  slightly  soluble  in  water.  *t3n 
evaporating  to  dryness  and  heating  to  280**  or  300°  R,  the 
addition  of  a  little  HCl  and  water  always  fail  to  affect  the 
SiOg  which  is  left  as  a  white  gritty  residue. 

2.  NH4CI  precipitates  H^SiO^  from  a  soluble  silicate. 

3.  Silicic  anhydride  is   separated  from  all    acidulous  and  basylous 

radicals  by  fusing  the  finely  powdered  insoluble  silicate  with 
NagCOs  {or  fusion  mixture),  in  a  platinum  crucible ;  boiling  with 
water,  filtering,  evaporating  nearly  to  dryness,  adding  dilute 
HCl  until  the  whole  is  acid,  re-evaporating,  moistening  with 
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water,  and  when  dry  heating  to  aSo"  or  300°  F.     On  adding 
a  little  HCl,  SiOj  alone  reniains  insoluble. 

29.  SEPARATION  OF  SILICIC  ANHYDRIDE  (SILICA)  FSOK  ALL 
OIHER  ACIDS. 

Fuse  tlie  substance  with  a  large  excess  of  KNaCOj,  in  a  platinum  crucible, 
and  when  all  action  has  ceased,  cool,  and  boil  the  residue  with  water.  The 
silica  passes  into  solution  with  the  other  acid  radicals,  and  the  metals  are  left 
as  oxides.  Acidulate  the  solution  with  hydrochloric  acid,  evaporate  to  dry- 
ness, and  heat  the  residue  to  280°  Fah.,  and  maintain  the  heat  for  some  time. 
Drench  the  residue  with  strong  hydrochloric  acid,  then  add  water,  and  boil, 
when  the  silica  will  alone  remain  insoluble. 


30.  HTDROFLTTOSILICIC  ACID  (H^SiFa). 
This  acid  is  only  known  in  solution, 

I.  It  is  very  acid,  and  dissolves  metals  with  the  evolution  of  hydrogen, 

forming  sili co-fluorides    which  decompose    by  heat,   leaving 

fluorides,  and  giving  off  silicon  fluoride—Si F^. 

3.  It  gives  off  hydrofluoric  acid  when   evaporated,  and  should  not, 

therefore,  be  heated  in  glass  vessels,  as  they  would  be  etched. 

3.  The  majority  of  silico-fluorides  are  soluble,  the  exceptions  being 
KjSiFj,  BaSiFu,  and  Na^SiFu,  which  are  insoluble,  especially 
in  presence  of  a  little  alcohol. 

4.  It  does  not  precipitate  strontium  salts,  even  from  strong  solutions, 
but  throws  down  BaSiF,  on  adding  BaClj  and  alcohol,  as  a 
ivMU  translucent  crystalline  precipitate. 

5.  Potassium  salts  throw  &a\m  gelatinous  KjSiFg. 

31.  NITROUS  ACID  and  NITRITES. 
Nitrons  Acid  (so   called    commercially)  is    nitric    acid   containing    nitrous 

anhydride.     It  is  yellowish  in  colour,  and  evolves  reddish  fumes. 
Nitiites  are  all  soluble  in  water,  the  least  so  being  argentic  nitrite.    They 
are  known  as  follows  : — 

I.  They  give  red  fumes  when  treated  with  strong  sulphuric  acid,  be- 
cause the  nitrous  acid  is  thereby  decomposed  into  nitric  acidi 
and  nitric  oxide  which  then  fumes  in  contact  with  the  air. 
3.  They  give  an  instantaneous  blue  colour  with  potassium  iodide  and 
starch  paste  on  the  addition  of  a  few  drops  of  dilute  sulphuric 
acid.  The  sulphuric  acid  liberates  hydriodic  acid  from  the 
Iodide,  and  nitrous  acid  from  the  nitrite ;  the  hydriodic  acid  is 
decomposed  by  the  nitrous  acid  into  iodine,  water,  and  nitric 
oxide  ;— 

sHNOa  +  zHI  =  Ij  -(-  aHjO  +  2NO. 
\Nitrales,  it  must  be  remembered,  would  give  fre<iuently  a  similar  re- 
reaction  after  standing,  through  the  possible  reduction  of  some 
portion  of  their  nitric  acid  to  nitrous  acid  j  so  that  unless  the 
reaction  appears  instantly,  and  is  confirmed  by  others,  it  is  not 
safe  to  rely  upon  it  as  a  test] 

3.  They  give  a  dark  brown  colour  with  ferrous  sulphate  tcithout  the 
previous  aJJition  of  sulphuric  acid,  as  required  by  nitrates. 

4.  Potassium  dichromale  in  solution  is  converted  into  a.  green  liquid 
by  the  addition  of  a  nitrite  and  an  acid.     These  two  latt«' 
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stances  also  reduce  an  auric  solution,  fonning  a  precipitate  of 
the  metal,  possessing  a  dark  colour. 

32.  DETECTION  OF  A  NITRITE  IN  THE  PBESENCE  OF  A  NITRATE. 

Add  a  little  potassium  ibdide  and  starch  paste,  then  introduce  a  small  pinch 
of  powdered  metallic  zinc,  and  lastly  acidulate  with  acetic  acid,  when,  if  a 
nitrite  be  present,  a  blue  colour  will  be  produced,  due  to  the  liberation  of 
iodine.  This  test  is  often  a  very  pecessary  one  when  dealing  with  drinking 
water,  the  presence  in  which  of  nitrites,  derived  from  the  oxidaticm  of  com- 
paratively recent  organic  contamination^  is  a  dangerous  indication. 

33.  NITRIC  ACID  and  NITRATES. 

Nitric  Acid  is  strongly  acid  and  corrosive,  fumes  in  the  air,  and  readily  dis- 
solves most  metals.  It  may  be  at  once  recognised  by  the  following  charac- 
ters : — 

1.  When  poured  on  a  piece  ol  copper  foil,  and  a  piece  of  white  paper 

held  behind  the  test-tube,  it  is  observed  to  be  filled  with 
orange-red  fumes  of  nitric  peroxide— N3O4. 

2.  When  dropped  on  a  piece  of  quill  in  a  basin,  or  if  the  solution  be 

weak  when  evaporated  in  contact  with  the  quill,  the  latter  is 
stained  yellow^  This  stain  is  intensified  to  orange  on  adding 
an  alkali,  and  is.  not  discharged  by  warming,  both  of  which 
decolorize  the  corresponding  stains  produced  by  iodine  and 
bromine. 

3.  Dropped  on  a  few  crystals  of  brucine,  a  deep  red  colour  is 

produced. 
Nitrates  are  characterized  by  the  following  properties : — 

1.  All  nitrates  are  soluble  in  water,  especially  when  slightly  acidulated 

with  nitric  acid.  The  nitrates  of  the  alkalies  are  only  decom- 
posed by  a  very  high  temperature,  but  most  of  the  nitrates  of 
the  heav}'  metals,  such  as  copper,  mercury,  and  lead,  when 
heated  are  readily  decomposed,  leaving  a  residue  of  oxide. 
Argentic  nitrate,  however,  when  heated  leaves  metallic  silver. 

2.  WTien  heated  with  sulphuric  acid  they  evolve  pungent  fumes  ot 

nitric  acid. 

3.  When  heated  with  sulphuric  acid  and  a  piece  of  copper  wire,  they 

produce  red  fumes  of  nitric  peroxide  (caused  by  the  union  of 
the  nitric  oxide  evolved  with  the  oxygen  of  the  air). 

4.  When  mixed  with  a  solution  of  ferrous  sulphate  in  the  presence  of 

sulphuric  acid,  a  black  coloration  is  produced,  which  is  due  to 
the  production  of  nitric  oxide,  and  its  absorption  by  the  ferrous 
salt.  On  heating,  the  colour  disappears,  and  the  ferrous  is 
changed  to  the  ferric  sulphate.  There  are  two  ways  of  apply- 
ing this  test. 

{a)  Place  a  drop  or  two  of  the  suspected  solution  on  a  white  porce- 
lain slab  or  crucible  lid,  and  having  added  a  drop  of  strong 
sulphuric  acid,  put  a  small  and. clean  crystal  of  the  ferrous  sul- 
phate in  the  liquid,  when  a  black  ring  will  gradually  form  round 
the  crystal 

(p)  Place  the  suspected  solution  in  a  tube,  and  having  added  some 
strong  solution  of  ferrous  sulphate,  cautiously  pour  some  strong 
sulphuric  acid  down  the  side  of  the  tube,  so  that  it  sinks  to 
the  bottom  by  reason  of  its  great  gravity  without  mixing  with 
the  fluid.  If  nitric  acid  be  present,  a  dark  line  will  be  formed 
at  the  junction  of  the  two  liquids. 
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5.  Treated  with  sulphuric  ^cid,  and  a  few  drops  of  indigo  sulphate 

added,  the  blue  colour  of  the  latter  is  destroyed,  being  changed 
to  yellow  (not  character»tic). 

6.  The  most  delicate  test  for  nitrates  is,  however,  phenyl-sulphuric  acid. 

This  reagent  is  prepared  by  dissolving  one  part  of  carbolic  acid 
in  four  parts  of  strong  sulphuric  aad,  and  then  diluting  with 
two  parts  of  water.  A  few  drops  of  the  solution  !b  be  tested 
are  evaporated  to  dryness  on  a  porcelain  crucible  lid  over  the 
water  biath,  and  while  still  over  the  bath  a  drop  of  the  reagent 
is  added,  when  a  reddish  colour  is  immediately  produced,. owing 
to  the  formation  of  nitro-phenol 

34.  DITECnOV  OF  EBSE  HITRIC  ACID  IN  THE  PSESENCE  OF  A 

NITRATE. 

Digest  with  excess  of  barium  carbonate;  filter,  and  add  to  the  filtrate  some 
dilute  sulphuric  acid,  when,  if  4he  free  add  were  present,  a  precipitate  of 
barium  sulphate  will  be  produced.  This  test  is  only  good  in  the  ensured  ab- 
sence of  sulphates  and  of  any  other  add  capable  of  dissolving  barium  carbo- 
nate. It  will  also  serve  for  detecting  free  hydrochloric  and  acetic  acids  in 
presence  of  their  salts. 

35.  DETECTION  OF  A  NITBATE  IN  THE  PBESSNCE  OF  AN  IODIDE. 

The  fact  that  the  addition  of  strong  sulphuric  add  liberates  iodine,  renders 
the  proof  of  a  nitrate  by  the  ordinary  iron  process  doubtful  in  the  presence 
of  iodides  and  bromides.  In  this  case  warm  with  a  little  zinc  amalgam  and 
add  a  little  acetic  acid  and  starch  paste,  when  the  nitrate,  being  reduced  to 
nitrite,  will  cause  the  liberation  of  iodine,  and  colour  the  starch  paste  blue. 

Another  process  is,  to  evaporate  to  dryness  with  excess  of  potassium  hydrate 
and  a  little  sugar,  and  then  fuse  the  residue,  when,  if  a  nitrate  be  present, 
ammonia  gas — NH3 — will  be  given  off;  and  will  tium  moistened  red  litmus 
paper  blue.  The  first  process  is  as  a  rule  the  better  of  the  two,  and  zinc 
amalgam  is  easily  made  with  a  drop  of  mercury  and  a  firagment  of  granulated 
zinc. 

A  third  process  is,  to  boil  with  stannous  chloride  and  a  large  excess  of 
hydrochloric  add,  which  will  produce  ammonium  chloride  from  a  nitrate ;  and 
by  boiling  the  liquid  with  excess  of  potassium  hydrate,  the  ammonia  gas  may 
be  evolved. 

• 

36.  SEPARATION  OF  CHLORIDES,  IODIDES,  AND  BROIODES  FROM 

NITRATES. 

Digest  with  argentic  sulphate,  which  will  precipitate  the  hallogens  as  silver 
salts,  and  leave  the  nitrate  in  solution. 

37.  CYANOGEN,  HTDR0C7ANIC  ACID,  and  CYANIDES. 

Cyanogen  is  a  colourless  gas,  which  is  recognised, — 

1.  By  its  odour  of  bitter  almonds. 

2.  By  its  burning  in  the  air  wijh  a  peach-blossom  coloured  flame,  pro- 

ducing carbonic  anhydride  and  nitrogen. 
Hydrocyanic  Add  is  volatile,  soluble  in  water,  and  possesses  a  characteristic 
faint  sickly  odour.     Its  reddening  action  on  fitmus  p«per  is  very  transient 
Its  tests  are  four  in  number,  as  follows : — 

I.  The  Silver  Test — ^Argentic  nitrate  addM 
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acid,  gives  a  curdy  white  precipitate  of  argentic  cyanide.  The 
precipitate  is  soluble  in  ammonium  hydrate  and  in  strong  boil- 
ing nitric  acid,  but  not  in  dilute  nitric  acid ;  nor  does  it  blacken 
on  exposure  to  the  light.  Dried  apd  heated  it  darkens,  evolving 
half  its  cyanogen,  leaving  a  mixture  of  silver  and  argentic  para- 
cyanide.  During  the  action  effervescence  is  observed,  and  a 
>    bright  glow  seems  suddenly  to  pass  through  the  mass. 

2.  SchceUs  Iron  Test — ^An  excess  of  solution  of  potassium  hydrate  is 

mixed  with  the  solution.  To  this  a  mixture  of  a  ferrous  and  a 
ferric  salt  is  added,  and  the  whole  acidulated  with  hydrochloric 
acid.  If  hydrocyanic  acid  be  present,  Prussian  blue  will  be 
formed. 

The  explanation  of  the  test  is  as  follows  (according  to  Gerhardt's  view). 

(i)  The  hydrocyanic  acid  and  the  potassium  hydrate  form  potassium 
cyanide. 

(2)  The  addition  of  the  ferrous  salt  produces  ferrous  cyanide. 

(3)  This  reacting  with  the  excess  of  alkali  forms  potassium  ferrocyanide. 

(4)  On  the  addition  of  the  ferric  salt,  it  is  at  first  precipitated  by  the 

excess  of  alkali,  as  ferric  hydrate,  which  on  acidulation  dissolves 
to  ferric  chloride,  forming  ferric  ferrocyanide  (Prussian  blue). 

(i)  6HCy  +  6KK0  =  6KCy  +  6H2O. 

(2)  6KCy  +  3FeCl2=3FeCy3  +  6KCL 

(3)  3FeCy3  +  4KHO  =  K4FeCy8  +  2Fe2HO. 

(4)  3K4FeCye  +  2Fe2Clg  =  (Fe2)23FeCy«  +  1 2KCI. 

Or  the  whole  may  be  shown  in  one  equation,  thus,  which  is  quite  suffi- 
cient : — 

i8KCy  +  sFeClg  +  2Fe2Clfi  =  (Fe2)33FeCye  +  18KCI. 

3.  The  Sulphur  Test. — A  few  drops  oi yellow  ammonium  sulphydrate  is 

added  to  a  solution  of  hydrocyanic  acid,  and  the  whole  evapo- 
rated to  dryness  at  a  very  gentle  heat,  with  the  addition  of  a  drop 
of  ammonium  hydrate.  A  residue  is  thus  obtained  which  strikes 
a  blood-red  colour  with  ferric  chloride,  not  dischargeable  by 
hydrochloric  acid,  but  at  once  bleached  by  solution  of  mercuric 
chloride.  This  colour  is  due  to  the  formation  of  ammonium 
sulphocyanide  (which  takes  place  when  an  alkaline  sulphide, 
containing  excess  of  sulphur,  is  brought  into  contact  with 
cyanogen) — 

2HCy  +  (NH4)2S  +  82=  2NH4CyS  +  HgS, 

and  subsequent  production  of  red  ferric  sulphocyanide. 

4.  Schbnbeiiis  Test, — It  has  been  stated  that  a  very  delicate  means  of 

detecting  HCy  is  based  upon  its  action  on  filtering  paper, 
soaked,  first,  in  a  three-per-cent.  alcoholic  solution  of  guaiacum 
resin,  and  then  in  a  two-per-cent.  solution  of  cupric  sulphate, 
and  exposed  to  the  air.  The  presence  of  HCy  causes  the  pro- 
duction of  a  blue  colour.  The  paper  may  be  either  moistened 
with  the  suspected  solution  or  exposed  to  its  vapour. 
Cyanides  are  known, — 

1.  By  giving  ofif  the  odour  of  hydrocyanic  acid  when  heated  with  sul- 

phuric acid. 

2.  By  answering  to  all  the  tests  for  hydrocyanic  acid  above  mentioned. 

3.  In  using  the  silver  test  to  a  soluble  cyanide,  the  reagent  must  be 

added  in  excess,  as  argentic  cyanide  is  soluble  in  alkaline 
cyanides  to  form  double  cyanides  of  silver  and  the  alkali  used. 
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Excess  of  argentic  nitrate,  however,  decomposes  these  com- 
pounds, and  forms  insoluble  argentic  cyanide.  The  firevious 
additibn  of  a  slight  excess  of  dilute  nitric  acid  ensures  the  imme- 
diate separation  of  the  argentic  cyanide,  by  preventing  the  re- 
action just  referred  to, 
4.  Insoluble  cyanides  yield  cyanogen  when  heated  per  se  in  a  small 
dry  test-tube,  the  open  end  of  which  has  been  drawn  out  into  a 
jet  after  the  introduction  of  the  cyanide.  The  application  of  a  J 
light  to  the  jet  causes  the  characteristic  flame  of  cyanogen. 

38.  SEPABATION  OF  CYANIDES  FROU  CELOBIDES.  I 

Acidulate  slightly  with  nitric  acid,  add  excess  of  argentic  nitrate,  wash  the 
precipitate  thoroughly  with  boiling  water  by  decantation,  allow  it  to  settle 
completely,  pour  off  all  the  water,  and  boil  with  strong  nitric  acid,  when  the 
argentic  cyanide  dissolves,  leaving  the  chloride  insoluble.  The  solution  in  , 
nitric  acid  is  diluted  and  hydrochloric  acid  added,  when  any  dissolved  silver 
is  detected  by  precipitation,  as  chloride. 


39.  CTANIC  ACID  and  CTANATES,  CYANURIC  ACID,  and   FULKINIC 

ACID. 
CTanic  acid  is  characterized, — 

1.  By  being  a  colourless  liquid,  having  a  strong  pungent  odour,  greatly  \ 

resembling  acetic   acid,   or  sulphiu'ous  acid  when   in    small  1 
quantity,  and  forming  ammonium  bicarbonate  on  adding  water.   ' 

2.  By  changing  into  a  white  solid  tti'mc'' on  keeping,  heat  being  evotved,    | 

but  no  decomposition  occurring.  I 

Cyanates  are  known, — 

I.  By  giving,  when  moistened,  a  bicarbonate.    ^The  potassium  salt — 
KCyO — for  instance,  forms  potassium  bicarbonate— KHCO^) 

I.  By  producing  urea  when  evaporated  with  an  ammonium  salt. 
Cyannric  acid  is  a  polymeric  modification  of  cyanic  acid,  which  is  recognised, — 

I .   By  being  a  crystalline  solid,  yielding  cyanic  acid  on  applymg  heat. 

I.  By  not  being  decomposed  by  strong  hot  HNOj  or  H,SO,. 
Fnlminic  acid  (intermediate  between  the  two  above  acids)  differs  from  both 

By  the  fearful  cxplosibilily  of  its  salts. 


40.  THIOCTANIC  ACID  and  THIOCYAHATES  (Solphoeyanates}. 
Snlphocyanic  acid  is  knonn, 

l!y  being  a  colourless  very  acid  liquid,  which  is  not  poisonous. 
Solpbocyanates  are  recognised, — 

1.  By  being  usually  colourless  and  soluble,  and  evolving  hydroc>'anic 

acid  and  depositing  sulphur  on  heating  with  sulphuric  acid. 

2.  By  protlucing   with  a  ferric  salt,  a  blood-red   solution   of  ferrk 

suIplwcyanate—Ye-^Q-^^—  the  colour  of  which  is  not  destroyed 
by  HCI,  but  dis-ippears  on  adding  mercuric  chloride — HgClf 


41.  FERROCYAinC  ACID  and  FERROCTAKIDES. 
Ferrocranic  add  (or  hydroferrocyanic  add)  is  recognised. — 

By  being  colourless  at  first,  but  rapidly  decomjiosing  and  deporitiiu 
Prussian  blue. 
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Ferrocyttnides  are  mostly  insoluble  in  water,  except  those  of  the  metals  of  the 
first  and  second  groups.    They  are  characterized, — 

1.  By  giving  off  hydrocyanic  add  and  forming^  deposit  on  heating 

with  sulphuric  acid. 

2.  By   giving    with  a  ferrous  salt  a  white   precipitate   of   ferrous 

potassium  ferrocyanide — KijFe(FeCy5) — changing  quickly  to 
blue. 

3.  By  yielding  with  a  ferric  salt  a  dark  blue  precipitate  of  ferric 

ferrocyanide — (Fe2)23(FeCyg).  This  precipitate  and  (i)  are 
both  insoluble  in  HCl,  but  KHO  decomposes  them,  producing 
potassium  ferrocyanide.  When  it  is  boiled  with  HgO  and 
water,  mercuric  cyanide — HgCy — and  FejOs  remain, 

4.  Cnpric  salts  produce  a  reddish-brown  precipitate  of  cupric  ferro- 

cyanide— CujFeCyg — insoluble  in  acids,  dissolved  by  NH4HO, 
but  left  unaltered  on  evaporating  off  the  ammonia. 

5.  By  precipitating  a  white  ferrocyanide  from  a  solution  of  a  lead  salt 

6.  By  yielding  a  white  mercuric  ferrocyanide  in  a  mercuric  solution. 

7.  By  giving  no  effect  with  magnesium  salts  but  a  white  gelatinous 

precipitate,  soluble  in  NH^HO  on  the  addition  of  a  solution 
containing  a  zinc  salt 

8.  By  producing  with  argentic  nitrate — ^AgNOj — white  gelatinous  silver 

ferrocyanide,  dissolved  by  NH4HO. 
None  of  these  precipitates  can  be  produced  in  alkaline  solutions;  and  they  form  best 

in  neutral y  or  slightly  acid^  solutions. 

42.  FERBICTANIC  ACID  and  FEBBICTANIDES. 

Ferricyanides  are  based  upon  hydroferricyanic  acid  (or  ferricyaijic  acid) — 
HgFcjCyig — which  is  characterized, — 

By  being  a  reddish-brown  liquid  decomposed  by  boiling,  with  evolu- 
tion of  HCy. 
Most  ferricyanides  are  insoluble,  those  of  the  alkalies  and  of  the  barium  group 
being  exceptions.     They  are  recognised, — 

1.  By  yielding  an  odour  of  hydrocyanic  acid,  and  a  deposit  on  heating 

with  sulphuric  acid. 

2.  By  producing  with  a  ferrous    salt  dark-tinted  TumbulPs  blue — 

FejFejCyig — insoluble  in  acids,  but  forming  K^FejCyij  when 
boiled  with  KHO. 

3.  By  producing  a  brownish  coloration  when  added  to  a  ferric  salt 

in  solution,  from  which  H^SOj,  Stannous  Chloride—  SnClg — and 
other  reducing  agents  throw  down  TumbulVs  blue  or  Prussian 
blue  {distinction  between  H^FegCyu  ^^^  H^FeCyg). 

4.  By  giving  no  precipitate  in  a  lead  solution  (another  distinction  of  a 

ferricyanide  from  a  ferrocyanide), 

5.  By  throwing  down  mermrous  ferricyanide  of  a  brownish-red  colour 

from  a  mercurous  solution. 

6.  By  yielding  with  argentic  nitrate  solution  an  orange  precipitate  of 

argentic  ferricyanide. 

7.  Mercuric  salts,  giving  no  precipitate. 

8.  Stannous  salts,  a  white  precipitate,  soluble  in  HCL 

9.  Stannic  salts,  no  visible  alteration. 

43.  SEPARATION  OF  FEBRO-  FROM  FERRI-   CTANIDES. 

Acidulate   with  hydrochloric  acid,  add  excess   of  ferric  chloride,   warm 
tly ;  the  ferro-cyanide  will  be  precipitated.     Pour  off  some  of  the  brownish 
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liquid  and  heat  with  a  little  dnc  amalgam,  when  a  blue  precipitate  will  ron%l 
owing  to  the  reduction  of  the  feni-  to  feno-  cyanide. 

44.    DETECTION    OF    CYANIDES  IN  THE    PRESENCE  OF     FERROb| 
AND   FEREI-  CYANIDES. 

Acidulate  slightly  with  nitric  acid  and  add  an  excess  of  a  mixture  of  ferrous 
and  ferric  sulphates,  warm  gently,  and  allow  the  precipitate  to  subside.  Pour 
otT  a  little  of  the  supernatant  liquid,  add  to  it  excess  of  potassium  hydrate 
and  then  acidulate  with  hydrochloric  acid,  when  the  production  of  another 
blue  precipitate  will  prove  the  cyanide. 

45.  PHOSFEORUS  and  PHOSPHIDES. 

[  has  two  varieties,  characterized  and  distinguished  I 

A.  Ordinary  phosphorus.    This  is  a  yellowish  wax-like  solid,  inflammable  ] 

in  a  warm  room,  when  exposedto  the  air  in  a  dry  state.     Solu- 
ble in  ether. 

B.  Red,  or  amorphous  phosphorus.     This  is  a  dark  reddish-brown  solid, 

not  readily  inflammable.     Not  giving  off  vapours  when  exposed 

to  the  air.  nor  soluble  in  ether  and  CSj. 
Phosphides  are  of  little  importance.    They  have  usually  the  odour  of  phos- 
phorus, and  give  off  spontaneously  inflammable  phosphtiretted  hydrogen  with    . 
water  or  dilute  acid. 

46.  HYPOPHOSPHOROUS  ACID  and  HYPOPHOSPHITES. 
Hypophosphites  are  based  upon  ihc  hydrogen  salt,   which  is  a  colourless 
liquid,  oxidized  in  the  air.     The  silver  salt  alone  is  insoluble  in  water,  aod 
few  are  insoluble  in  alcohol- 
The  following  reactions  serve  for  their  detection  ; — 

I.  When  healed  in  a  solid  slate,  ihey  take  fire,  evolving phosphurelteii  i 

hydrogen,  and  leaving  a  residue  of  pyrophosphate.  ] 

1.  With  argentic  nitrate  they  give  a  white  precipitate,  which  lumi  ] 

brown  owing  to  its  reduction  to  metallic  silver. 
\  With  mercuric  chloride  they  yield,  when  slightly  acidulated  with 
HCI,  a  precipitate  of  calomel,  which,  on  heating,  turns  dark, 
owing  to  a  reduction  to  the  metallic  stale. 

4.  Treated  with  zmc  and  sulphuric  acid  (nascent  hydrogen)  they  yield 

phosphurelted  hydrogen. , 

5.  After  removal  of  the  base,  the  free  hypo  phosphorous  acid,  when 

boiled  with  solution  of  cupric  sulphate,  will  give  a  deposit  of 
metallic  copper. 

6.  Treated  with  ammonium  molybdate  they  give  a  fine  6/ue  precipitate. 

As  afterwards  mentioned,  photphales  give  a  yeiifftv,  and  conse- 
quently when  the  solution  contains  both  classes  of  salts  the 
precipitate  is  gnen.     This  forms  an  excellent  and  rapid  me  hod 
of  checkmg  any  commercial  sample  of  hypophosphites. 
They  are  distinguished  from  phosphites  by  not  giving  precipitates  with 
neutral  barium,  or  calcium,  chloride,  or  with  plumbic  acciate.      The  4th  J 
reliction  above  given  is  equally  applicable  10  phosphites.     In  performing  tl 
jth  reaction,  the  base,  if  calcium,  is  removed  by  oxalic  acid,    '  '     '       ' 
sulptiuric  acid,  and  if  a  heavy  metal,  by  sulphuretted  hydrogen. 
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47.  PHOSFHOSOXJS  ACID  and  PHOSPHITES. 

Phosphites  are  formed  from  phosphorous  acid^  which  is  the  only  comparatively 
stable  liquid  possessing  the  power  of  evolving  hydrogen phosphidi—VH^ — 
on  being  heated.     The  salts  are  distinguished  as  follows  : — 

1.  Heated  on  platinum  foil,  they  bum.    They  are  powerful  reducing 

agents. 

2.  The  only  phosphites  soluble  in  water  are  those  of  K,  Na,  and  NH4, 

but  acetic  acid  dissolves  all,  except  plumbic  phosphite. 

3.  With  zinc  and  sulphuric  acid  ^nascent  hydrogen)  they  yield  phos- 

phuretted  hydrogen,  burning  with  an  emerald-green  colour,  and 
throwing  down  Ag^P,  as  weU  as  Ag  from  AgNOs  in  solution. 

4.  They  give  precipitates  with  neutral  barium,  and  calcium,  chlorides, 

and  also  with  plumbic  acetate,  which  hypophosphites  do  not. 

5.  Heated  with  mercuric    chloride  or  argentic  nitrate,  they  yield  a 

precipitate  of  metallic  mercury  or  silver. 
2  HgCla  +  2H3POS  +  2HjO  =  2H3PO4  +  Hgj  +  4HCI. 

•  • 

4&  META-  AND  PYBO-  PHOSPHORIC  ACIDS  AND  THEIR  SALTS. 

As  already  stated  in  Part  I.,  phosphoric  anhyjdride  can  combine  with  water 
in  three  proportions,  forming  either  meta-,  pyro-,  or  ortho*  phosphoric  acids, 

each  of  which  can  form  salts. 

« 

Ketaphosphoric  Acid  is  a  glassy  solid,  not  volatile  by  heat.*  It  is  freely 
soluble  in  cold  water,  and  is  converted  by  boiling  into  orthophosphoric 
acid.  It  is  known  by  giving  a  white  precipitate  with  argent-ammonium 
nitrate^  and  by  its  power  of  coagulating  albumen.  Metaphosphates  are 
known  by, — 

1.  Giving  no  precipitate  with  ammonium  chloride,  ammonium  hydrate, 

and  magnesium  sulphate,  added  successively. 

2.  By  giving  a  white  precipitate  of  argentic  metaphosphate — AgPOj 

— with  argentic  nitrate  only  in  neutral  solutions,  and  soluble  both 
in  nitric  acid  and  ammonium  hydrate. 

Pyrophosphoric  Acid  is  also  soluble  in  water  and  convertible  by  boiling  into 
orthophosphoric  acid.  It  gives  a  white  precipitate  with  argent-ammonium 
nitrate,  but  does  not  coagulate  albumen.  Pyrophosphates  are  insoluble  in 
water,  except  those  of  the  alkalies.  Their  tests  are  not  very  well  defined, 
but  they  give, — 

1.  A  white  precipitate  of   argentic    pjrrophosphate — Ag^PjO-j — with 

argentic  nitrate  in  a  neutral  solution  only  and  soluble  both  in 
nitric  acid  and  ammonium  hydrate. 

2.  NH4M0O4  does  not  produce  an  immediate  precipitate. 

48.  ORTHOPHOSPHORIC  ACID  (RP.)  and  ORTHOPHOSPHATES. 

RP.  Phosphoric  acid  is  a  liquid  with  a  strongly  acid  reaction,  which  is  con- 
verted by  heat  first  into  pyro-  and  finally  into  meta-  phosphoric  acid,  which 
remains  as  a  glassy  residue.     It  is, — 
J.  Not  volatile  by  a  red  heat. 

2.  It  gives  a  yellow  precipitate  of  argentic  phosphate — AggPO^ — 
when  treated  with  argent-ammonium  nitrate,  soluble  both  in 
nitric  acid  and  ammonium  hy(lrate. 

Phosphates  are  as  a  rule  insoluble  in  water,  except  the  alkaline  Ones.  They 
are  readily  soluble  in  dilute  acids  and  entirely  re-precipitated  on  neXitral- 
izing  by  an  alkali  or  alkaline  carbonate.     Calcium,  strontium,  and  barium 
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phosphates  are  only  partly  soluble  in  diluie  sulphuric  acid,  being  converted 
into  a  soluble  phosphate  and  an  insoluble  sulphate  of  the  metal.     If  the 
insoluble  sulphate  be  filtered  out,  the  addition  of  an  alkali  causes  only  a 
slight  precipitate  of  a  dinietallic  phosphate,  and  a  phosphate  of  the  alkali  ^ 
used  is  left  in  solution ;  but  it  is  only  after  the  use  of  sulphuric  acid  that  aaj  f 
phosphate  thus  remains  dissolved. 
The  presence  of  Phosphates  is  detected  as  follows: — 

1.  U'ith  barium  ur  calcintn  chloride  white  precipitates  are  produce^ 

soluble  in  atciic  acid  (distinction  from  oxalates)  and  all  strongel 
acids. 

2.  With  argentic   nitrate    a   lemon  yellow  precipitate   of  argentic  1 

pho.sphate  forms,  soluble   both  in  nitric  acid  and  amn 
hydrate. 

3.  Willi  ferric  chloride  in  the  presence  of  aamonina  acetate  a  white 

precipiiaie  of  ferric  phosphate  appears,  insoluble  in  acclic  acid. 

4.  With  magnesia  mixture  jihosjihates  yield  a  white  crystalline  pre- 

cipitate, forming  slowly  in  dilute  solutions,  consisting  of  ammo> 
ninm-magnesinm  phosphate — Mg(.NHt)PO.  +  6HjO — soluble 
in  acetic  and  all  acids. 

5.  With  solution  of  ammoninm  molybdate  in  nitric  acid  a  yellow 

precipitate  is  produced,  insoluble  in  nitric  acid,  but  soluble  in 
ammonium  hydrate. 

6.  \Vith    cranio    nitrate    phosphates    yield    a   yellow    precipitate  of    ! 

uianU phosphalf,  also  Insoluble  in  acetic  acid. 

7.  With  meicorouB  and   bismnthons  nitrates  white  precipitates  ar« 

fonned,  the  former  soluble  and  the  latter  insoluble    in   nitric 

8.  With  any  eolnble  salt  of  lead  a  white  precipitate    of  plumbic 

phosphate  is  produced,  soluble  in  nitric  acid,  but  insoluble  in 

acetic  acid  or  ammonium  hydrate. 
It  is  important  to  note  that  all  these  reactions  may  be  caused  by  arsenifl 
acid,    except    that    with   argentic   nitrate,    argentic   aiseniate   differing    from  . 
argentic  phosphate  in  being  brick-red  instead  of  yellow. 


fiO.  DETECTION  OE  A  f  H03FHATE  IN  THE  PRESENCE  OF  CALCIUH, 
BABI0M,  STRONTITJU,  MANQANESE,  AND  UAGNESIIIK. 

Dissolve  in  water  by  the  aid  of  the  smallest  quantity  of  nitric  acid,  then  add 
escess  of  ammonium  acetate,  which  will  remove  the  excess  of  nitric  acid  with- 
out rendering  (he  solution  alkaline.  In  this  solution  the  phosphate  may  be 
proved  by  adding  a  drop  or  two  of  ferric  chloride  and  warming,  when  a  white 
precipitate  of  ferric  phosphate — Fe^jPO^ — will  form,  insoluble  in  the  acetic 
acid  liberated. 


SL   DETECTION   OF  A  PHOSPHATE   IN   THE    PRESENCE   OF   IRON, 
CHROUinU,  AND  ALUMINinK. 

Dissolve  in  the  smallest  jiossibk' quantity  of  hydrochloric  acid,  add  some  I 
citric  acid,  and  then  exress  of  ammonium  hydrate.  Ily  this  means  an  alkaline  J 
liquid  is  obtained,  owing  to  the  power  of  the  organic  acid  to  prevent  the  pr^  J 
cipitation  of  the  metal  by  the  ammonium  hydrate ;  and  in  this  liquid,  when  coIdU^ 
magnesia  mtxlurt  (ammonio  sulphate  of  magnesia)  causes  the  precipitltioa  ff 
while  crj-stalline  magnesium-ammonium  phosphate,  ""^ 


k 
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h%  DETECTION  OF  ?e,  Ce,Cr,  Al,  Mn,Ca.  Sr,Ba.&nd  Kg  IH  THE  PSESSHCX^ 
OP  PHOSPHOEIC  ACID  (8EPAEATI0K  OF  METALS  OF  THE  3rd  hST^X^ 
4tli  GKOUFS  WHEN  PRECIPITATED  AS  PHOSPHATES). 

The  sepaxalion  of  ihe  insoluble  phosphates  of  the  raetals  of  tht  3rd  and  4I 
groups  is  a  very  important  point,  as,  in  the  cose  of  the  presence  of  pfaosphon^-^-'^ 

acid,  the  entire  modus  operandi  already  given  under  the  se[>aTattons  of  Ih 

metals,  is  useless.  To  determine  the  presence  or  absence  of  this  complicatior 
the  solution,  after  removal  of  the  metals  of  the  ist  and  ind  groups  by  HC 
and  H)S,  is  evaporated  to  dryness  and  the  residue  heated  to  destroy  oxalate 
and  other  organic  matters.  The  residue  is  then  dissolved  in  hydrochlorv 
acid,  diluted,  and  boiled  with  a  few  drops  of  nitric  acid  to  raise  any  iron  to  tlv 
ferric  state,  A  small  portion  of  this  prepared  solution  is  then  mixed  wil 
excess  of  nitric  acid  and  ammonium  molybdate— NH^MoO^ — and  wanne* 
for  some  time,  when  the  production  of  a  yellow  precipitate  of  ammoniun 
phospho-molybdaie  proves  the  presence  of  phosphates.  When  this  has  bee 
discovered,  the  remainder  of  the  solution  is  treated  with  ammonium  chlorid 
and  ammonium  hydrate,  as  already  explained  under  the  metals,  the  groiu 
precipitate  is  filtered  out  and  dissolved  in  the  smallest  possible  quantity  ■ 
hydrochloric  acid.  To  this  solution  is  added  first  a  quantity  of  disodiui 
hydrogen  phosphate,  and  then  an  excess  of  ammonium  acetate  coi 
some  free  acetic  acid,  and  the  whole  is  boiled  and  filtered.  By  tht 
the  phosphates  are  divided  into  two  groups  as  follows  :^— 

A,  Insoluble  in  acetic  acid,,  and  consequently  on  the  filter— Fe,  Ce,  .^^^^^^ 
and  a  little  Cr. 

B.  Soluble  in  acetic  acid,  and  consequently  remaining  in  the  filtrate, 

Ba,  Sr,  Ca,  Mn,  Mg,  and  the  bulk  of  the  Cr. 

These  groups  are  then  to  be  treated  as  follows  : — 

A.  Percolate  the  precipitate  with  a  little  boiling  dilute  solution  of  potassiu  ^^^ 
hydrate  ;  when  any  aliuniniam  phosphate  will  dissolve,  and  be  found  in  t^t""^^' 
filtrate  by  boiling  with  a  slight  excess  of  acetic  acid.  The  insoluble  mall^-  ^^' 
on  the  filter  is  dissolved  in  dilute  hydrochloric  acid,  and  a  portion  of  the  soL  ^  '■ 
tion  tested  for  iron  by  potassium  ferrocyanide.  To  the  remainder  of  tV  ^^ 
solution  add  some  citric  acid,  then  excess  of  ammonium  hydrate,  and  finaB^^ 
ammonium  oxalate,  when  the  production  of  a  white  precipitate  of  cero  * 
oxalate  proves  cerium. 

B.  The  solution,  if  green,  contains  chrotniiun,  and  a  little  of  it  evaporat^^=^ 
to  dryness  with  excess  of  potassium  hydrate  and  a  crystal  of  potassiiK  «"* 
chlorate,  and  the  residue  heated  to  redness,  becomes  green,  if  jnajigan^t^** 
be  present.  (See  53.)  Add  to  the  remainder  of  the  solution  potassii»- ^'"^ 
cbromate  in  slight  excess,  and  warm,  when  any  barium  separates  as  baric»  "^^' 
chromale.  Filter,  if  necessary,  and  add  a  few  drops  of  very  dilute  sulphu:*"""* 
acid ;  warm,  and  let  it  stand  for  some  time,  when  Btrontinm  will  precipitate  ^^^ 
strontium  sulphate,  insoluble  on  filteringjjul  and  boiling  jvith  strong  soluli^c^*J 
of  ammonium  sulphate  containing  a  slight  excess  of  ammonium  hydrate.  A^CJ^" 
to  the  filtrate  some  more  ammonium  acetate,  and  then  excess  of  ammooiu^^  "^ 
oxalate,  and  warm,  when  calciom  will  separate  as  calcium  oxalate.  Filters^-  " 
necessary,  cool  thoroughly,  and  add  some  citric  acid  and  excess  of  ammonim-J™ 
hydrate,  when  any  manganous  or  magnesium  phosphate  will  be  re-precipital  -^^^ 
If  no  manganese  was  previously  found  by  the  fusion,  then  this  is  all  m^^a^f" 
nniam;  but  if  manganese  be  present,  the  following  separation  must  '"^ 
applied  to  the  preci|iitate  after  filtering.  The  addition  of  citric  acid  is  ""' 
iieccti.'ary  if  no  chromium  be  present. 


ARSENIOUS  ACID  AND  ARSENITES. 


'' 


S3.  SEFAEATION  OF  KANOAITESE:  AKD  HAONESITTU  PHOSPHATES. 

Dissolve  in  HCl,  add  excess  of  ammoniQin  acetate,  boil,  and  drop  in  ferric 
chloiide  until  the  [irecipitate  turns  red,  then  tilter.  This  removes  the  phos- 
phoric acid,  and  leaves  the  Mn  and  Mg  in  solution  as  chlorides.  To  this 
solution  add  NHCl,  NH^HO,  and  NH^HS,  and  warm,  when  the  manganeae 
will  precipitate.  Filter,  cool  the  filtrate  thoroughly,  and  add  some  more  am- 
monium hydrate  and  some  disodium  hydrogen  phosphate,  when  the  nuigne* 
nam  will  separate  as  a  white  precipitate  of  magnesimn  ammonium  phosphate. 

M.  DETECTION   OF  CHBOUIUS  IN  THE  PRESENCE  OF  MANGAJTESE 
AFTER   FirSION. 

The  deep  green  of  the  potassium  manganale  produced  by  the  fusion,  entirely 
masks  any  yellow  potassium  chromale  which  may  be  formed  at  the  satue  time. 
On  treatmg  the  manganese  residue  with  water,  it  gives  a  grem  solution,  wbif h 
is  ttUirtly  decolori%(d  by  boiling  with  hydrochloric  acid  and  dropping  in  recti- 
fied spirit  On  the  other  hand  a  chromium  residue  gives  a  yellow  solution, 
turned  grten  by  a  similar  treatment.  If,  therefore,  on  thus  boiling  with  acid 
and  spirit,  any  green  colour  remains  undischarged,  then  chromium  was  present 
as  well  as  manganese, 

S5.  ARSENIOUS  ACID  and  ARSENITES. 
Anenioiu  Acid — Hj.^sGj— is  not  known  in  the  free  state  ;  but  its  anhydride 

I-As,Og— is  common.     The  latter  has  the  following  qualities  :— 
I.  Dropped  upon  red-hot  charcoal  or  coal,  or  heated  in  a  dry  tube 
with  black  flux,  or  a  mixture  of  dry  sodium  carbonate  and 
potassium  cyanide,  the  metalloid  Aa  Js  set  free,  and  volatilises 
with  a  garlic  odour,  producing  a  steel  grey  mirror  on  the  sides 
of  the  lube. 
J.  Dissolved  in  water  only,  and  argent-ammonium  nitrate  added,  a 
canary-yellow   precipitate  of  argentic   arsenite — Ag,AsOj — is 
produced,  soluble  in  excess  of  either  NH^HO  or  HNOj. 
3.  A  pure  aqueous  solution,  mixed  with   cupr-ammonium  sulphate, 
givesa  bright-green  cupric ajsentte — SehteW  1  grecn^ aX'&o soixAAc 
in  NH.HO  or  in  HNO,. 
4.  Any  solution  yields  all  the  tests  for  arsenic  (see  page  33). 
AxHltiteB  behave  peculiarly  in  many  respects.     Ammonium  arsenite  leaves 
ftrsenioiis    acid   on   evaporating  a  solution,  while  potassium  and  sodium 
arseniles  possess  a  degree  of  alkalinity  which  no  excess  of  arsenious  acid 
will  disturb.    Ba,  Sr,  and  Ca  form  soluble  hydrogen  salts.   All  other  arsenites 
are  insoluble. 
Neutral  solutions  of  arseniteB  are  possessed  of  the  undermentioned  distinctive 
peculiarities  : — 

I.  CuSO^  throws  down  greenish  cnpric  arsenite. 
a.  AgNOj  is  transformed  into  yellow  insoluble  argentic  arsenite. 
X.  HjS  does  not  form  a  precipitate,  except  in  the  presence  of  hydro- 
chloric acid,  when  yellow  arsenious  sulphide  falls. 
.  The  solution  gives  the  usual  tests  for  anenio  (sec  page  33). 
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M.  ARSENIC  ACID  and  ARSENIATES. 

Arsenic  Acid — HjAsO^— is  known  definitely,  but  its  anhydride — -AsjOf — isalx) 

of  some  importance,  and  should  be  ^ist  considered.     It  is  recognised, — 


■  • 

I 
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By  being  a  white  crystalline  soHd,  totally  volatilized  at  a  veiy  bright 
red  heat,  owing  to  splitting  up  into  AS2O3  and  oxygen. 
The  acid  is  known  by  the  following  characters : — 

1.  The  crystals  are  deliquescent,  white,  and  strongly  acid.     Before 

being  dried  at  212®  F.,  they  contain  water  of  crystallization. 

2.  If  heated  to  300°  F.,  they  produce  pyro-arsenic  acid — H^AsjO^ — 

which  develops  heat  on  being  dissolved  in  water.  More 
strongly  heated  (403*^  F.)  mdarsmic  oaV— HASO3 — results,  and 
finally  AsgOs. 

3.  It  is  strongly  corrosive,  and  blisters  the  skin.      It  gives  brick-red 

Ag3As04  on  adding  argtni  ammonium  nitrate, 
Arseniates  are  characterized  by  behaving  in  every  respect  exactly  like  phos- 
phates, except  that  they  give  a  brick-red  precipitate  with  argentic  nitrate, 
instead  of  a  yellow.     Insoluble  arseniates  are  best  treated  by  boiling  with 
NaHO,  filtering,  exactly  neutralizing  the  filtrate  with  dilate  HNOj,  and 
•  then  getting  the  brick-red  precipitate  with  AgNOs- 

57.  SEPAEATION  OF  AK  ABSEKIATE  FBOM  A  PHOSPHATE. 

This  can  only  be  done  by  acidulating  with  hydrochloric  acid,  and  diligently 
passing  a  slow  stream  of  sulphuretted  hydrogen  through  the  solution,  kept 
warm  until  the  whole  of  the  arsenic  is  removed. 

68.  KANGAKIC  ACID  and  KANGAKATES. 

Manganic  Acid — HgMnO^ — is  not  known  in  the  free  state,  neither  is  its 
Anhydride — Mn03--but  the  salts  are  well  known. 

Hanganates  are  unstable  compounds,  and  only  the  alkaline  salts  dissolve  in 
water,  forming  green  solutions. 

1.  Soluble  manganates  decompose  spontaneously,  depositing  MnOj 

(or  Mn02H0),  the  green  colour  changing  to  purple  or  reddish 
violet,  owing  to  the  formation  of  a  permanganate. 

3K2Mn04  +  3H2O  =  KaMngOs  +  4KHO  +  Mn02H0. 

2.  Dilute  acids  effect  this  change  more  rapidly,  and  the  reaction  is 

very  delicate.  The  free  hydrate  is  then  replaced  by  a  chloride, 
nitrate,  or  sulphate.- 

3.  Strong,  heated  H^SO^  acts  as  represented  in  this  equation  : — 

KgMnO^  -I-  2H2SO4  =  K2SO4  +  MnSO^  -f  2H2O  -f  O^ 

4.  Strong  HCl  causes  the  evolution  of.  CI..    The  other  actions  are 

similar  to  those  of  permanganates,  but  less  energetic. 

59.  PERMANGANIC  ACID   and  PERMANGANATES. 

Permanganic  Acid  appears  to  be  a  violet  liquid,  volatilized  in  fumes  of  the 
same  colour  by  heat,  and  condensing  to  a  dark-brown  sublimate.  It  de- 
composes below  100°  F.,  evolving  oxygen,  and  is  stated  to  be  a  power- 
ful bleaching  agent.  It  attracts  moisture  strongly,  and  detonates  when 
quickly  heated.     The  salts  (permangantes)  behave  as  follows  : — 

Permai^anates  are  known, — 

1.  By  the  magnificent  violet  colour  of  their  solutions,  which  is  entirely 

bleached  by  oxalic  acid  or  by  heating  with  hydrochloric  acid 
and  dropping  in  rectified  spirit. 

2.  By  giving  off  oxygen  on  heating  and  leaving  a  green  residue. 


CHROMIC,  STANNIC,  ANTIMONIC  ACID,  73 

3.  By  giving  off  oxygen  when  heated  with  sulphuric  acid,  often  with 

explosive  violence. 

4.  By  evciving  chlorine  when  simply  mixed  with  hydrochloric  acid. 

eO.  CHBOMIC  ACn)  and  CHBOICATES.      . 

Chromic  Acid — HjCrO^ — not  being  definitely  proved  to  exist,  is  represented 
by  its  anhydride — CrOj.  This  is  a  dark-red  crystalline  solid,  and  when 
mixed  with  an  aqueous  solution  of  hydrogen  peroxide — l^jd^—2,  deep  bine 
liquid  results,  which  is  believed  to  contain  perchromic  acid — HCrO^  or 
HjCrgOg,  The  liquid  decomposes  rapidly,  unless  ether  be  added,  which 
lengthens  its  existence. 
This  test,  for  either  CrOj  or  HjO,  is  exceedingly  delicate,  the  ethereal 

solution  of  perchromic  acid  separating  from  the  water  and  thus  concentrating 

the  colour  into  a  small  bulk  of  ether. 

Chromates  of  the  alkalies  are  soluble,  while  those  of  the  other  metals  are 
chiefly  insoluble,  but  have  very  brilliant  colours.  They  are  very  poison- 
ous, and  are  detected  as  follows  ; — 

1.  Soluble  chromates  give  a  yellow  precipitate  with  plumbic  acetate 

or  barium  chloride,  soluble  in  nitric  acid,  insoluble  in  acetic 
acid.  The  lead  salt  is  darkened  in  colour  by  alkalies,  and 
dissolves  by  free  excess  of  hot  KHO. 

2.  With  argentic  nitrate  a  dark-red  precipitate,  also  soluble  in  nitric 

acid,  and  in  NH^HO,  but  not  in  acetic  acid — HCgH^O^. 

3.  Boiled  with  hydrochloric  acid  and  alcohol,  or  any  reducmg  agent, 

(for  instance,  sulphurous  acid — HgSOj)  they  turn  green,  owing 
to  the  production  of  chromic  chloride  (or  sulphate). 

4.  Treated  with  sulphuretted  hydrogen,  in  the  presence  of  hydrochloric 

acid,  they  turn  green,  and  a  deposit  of  sulphur  takes  place  : — 

2lLfxf>^  -I-  16HCI  +  6H2S  =  iQ^xfX^  +  4KCI  +  3S3  +  14H2O. 

5.  Chromates,  when  treated  with  an  acid,  turn  orange;  and  dichro- 

mates,  when  treated  *with  potassium  hydrate  or  any  alkali, 
turn  yellow.     In  this  way  they  are  mutuaJly  distinguished. 

6.  Heated  with  strong  HgSO^  they  give  off  oxygen. 

7.  Treated  with  an  excess  of  sulphuric  acid,   and  shaken  up  with 

ozonized  ether  (solution  of  hydric  peroxide  m  ether),  they  give 
a  gorgeous  blue  with  the  most  minute  traces. 

6L  STANNIC  ACID   and   STANNAT£;B  (a»3mite8 !). 

This  is  an  ^inimportant  compound,  and  is  thrown  down  by  an  alkaline  hydrate 
from  a  stannic  salt.  It  is  sometimes  stated  to  be  endowed  with  the  com- 
position Sn4H0,  and  at  others,  Sn02HO(H3Sn03). 

Stannates  are  formed  by  the  solution  of  the  acid  in  an  alkaline  hydrate, 
and  are  detected  in  the  examination  for  metals. 

Stannites  are  said  to  be  formed  by  the  solution  of  stannous  hydrates  in  an 
alkaline  hydrate.  They  decompose  on  boiling  with  KHO,  forming  stannates 
and  throwing  down  metallic  tin. 

2Sn2HO  +  2KHO  =  KjSnOs  +  Sn  -h  3HjO. 

62.  ANTIMONIC   ACID. 

This  is  the  white  precipitate  having  the  composition  HSbOs  formed  on 
adding  strong  HCl  to  potassium  antimoniate;  and  it  is  detected  in  the 
examination  for  metals. 
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63.  POSXIC  ACID  and  FOfiMATSS. 

Pormic  acid — HCHOj — ^is  the  "  organic  "  acid  which  contains  the  highest 
percentage  of  oxygen  and  approaches  most  nearly  in  composition  to  the 
supposititious  carbonic  acid — HjCOj.  It  is  a  tolerably  stable  liquid,  boiling  at 
the  same  temperature  as  water.  Formates  are  all  soluble  in  water ;  under 
the  influence  of  heat  and  reagents  formic  acid  behaves  as  follows : — 

I.  Distils  without  bladcening  'or  decomposition,  the  vapour  being  very 

acid. 
a.  Heated  with  Hj^SO^  it  evolves  GO,  which,  being  free  from  CO^, 
gives  no  effect  when  passed  through  lime-water^  but  burns  with 
'  the  usual  pale  blue  flame. 

3.  It  is  distinguished  from  other  acids  derived  from  carbon  (except 

carbonic  and  oxalic),  by  not  imdergoing  charring,  when  mixed 
with  sulphuric  acid  and  heated.     The  reaction  is : — 

HjSO^  +  HCHOj  =  HjSO^  +  CO  +  H^O. 

4.  It  readily  reduces  argentic  nitrate,  when  mixed  with  a  little  solution 

of  sodium  hydrate,  and  heat  applied,  metallic  silver  separating. 
//  does  «^/ reduce  platinic  and  auric  chlorides  when  boiled  with 
them,  unless  sodium  or  potassium  hydrate  be  added.  This  is 
owing  to  the  volatility  of  the  acid. 


64.  DETECTION  OF  A  POSMATE  IN  THE  PRESENCE  OF  FIXED 
ORGANIC  ACIDS  WHICH  ESDUCE  SILVEIt  SALTS. 

Distil  with  dilute  sulphuric  acid  at  the  heat  of  a  water  bath,  neutralize  the 
distillate  with  sodium  carbonate,  add  a  slight  excess  of  acetic  acid,  and  boil 
with  argentic  nitrate,  when  a  dark  deposit  of  metallic  silver  will  form. 

65.  ACETIC  ACID  and  ACETATES. 

This  acid  is  characterized  by  its  boilirfg  point,  its  odour  of  vinegar,  and  the 
difficulty  with  which  it  is  oxidized.  The  strong  acid  chars  when  heated  with 
strong  H2SO4. 

Acetates  are  without  exception  soluble  in  water  (AgC^HjOg  and  HgCgHjOj 
are  sparingly  dissolved).  •  They  are  decomposed  by  a  red  heat,  yielding 
acetone  if  the  heat  rise  gently  and  the  mass  be  not  alkaline,  and  leaving  ^ 
carbonate,  oxide,  or  metal,  according  to  the  nature  of  the  basylous  radical. 
When  heated  with  alkalies  marsh-gas — CH4 — is  evolved.  The  reaction  is  of 
this  type '. — 

NaCjHjOg  +  NaHO  =  NajCOs  +  CH4. 

In  the  case  of  no  hydrate  or  carbonate  being  present,  the  following  is  an 
example  of  the  effect  of  heat  on  acetates  : — 

Ba2(C2H308)  =  BaCOj  +  CjHgOj     (Acetone). 

Acetates  of  easily  reducible  metals,  such  as  copper,  yield,  when  heated,  a 
distillate  of  acetic  acid,  leaving  a  residue  of  the  metal,  or,  in  some  cases,  of 
oxide.     The  presence  of  acetates  is  analytically  determined  as  follows  : — 

1.  By  evolving  an  odour  of  acetic  acid  when  heated  with  sulphuric 

acid. 

2.  By    a    characteristic     apple-like    odour    of    "acetic    ether," — 

CgHgCCgHjOj) — which    they  evolve  when  heated  with    sul- 
phuric acid  and  rectified  spirit 

3.  By  the  deep  red  colour  which  they  produce  with  neutral  ferric 


chloride, ^ferric  acetate  Fej(CjHjOg),— dischargeable  by  both  I 
hydrochloric  add  and  mercuric  chloride.  ] 

4.  Mercurous  niccate,  when  added  to  an  acetate  in  strong  solution,  ) 
yields  a  crystalline  white  precipitate,  which,  on  heating,  leaves 
a  residue  of  metallic  mercury.     This  reaction  is  not,  however, 
characteristic. 

66.  VALEBIAITIC  ACID  and  VALEHIANATES. 
Talerianic  acid  is  a  iifjuid,  which  is  :— 

md  oily.       It  reddens  test-paper, 
ua. 

The  general  characters  of  ValerianateB  are  : — 

I.  A   mote  or  less  strong  odour  of  valerian  root  when  wanned  or 

moistened. 
7.  They  give,  when  heated  with  sulphuric  acid,  a  distillate,  which,  on 
the  addilbn  of  solution  of  cupric  acetate,  forms,  after  the  lapse 
of  some  time,  an  oily  precipitate  ;  gradually  solidifying,  by  the 
absorption  of  water,  into  a  tjTeenish-blue  crj'Stalline  solid. 

67.  8ULPH0TIHATES  (EthyUnlphateB). 

These  .salts,  derived  from  ethyl  hydrogen  sulphate,  behave  as  follows  : — 
t.  Heated  with  strong  sulphuric  acid,  they  evolve  a  faint  ethereal  odour. 
a.  They  give  no  precipitate  in  the  cold  with  barium  chloride ;  but  on 
boiling,  a  white  precipitate  of  barium  sulphate  falls,  and  a  smell 
of  alcohol  is  perceived.  The  addition  of  a  little  solution  of 
barium  hydrate  after  the  chloride  and  before  boiling  facilitates 
the  reaction  ;  but  in  this  case  all  metals  precipilable  by  a  fixed 
alkali  must  first,  of  course,  be  removed. 

3.  Heated  to  redness,  they  leave  a  sulphate  of  the  metaL 

4.  Heated  with  sulphuric  acid  and  an  acetate,  or  with  strong  acetic 
acid,  they  evolve  acetic  etlier  with  its  characteristic  apple  odour, 

68.  STEARIC  ACID  asd  STEASATES. 
%i>  acid  is  usually  so  distinguished  by  its  appcirance  and  behaviour  on 

being  heated,  that  further  tests  are  useless.     The  characters  are  : — 

I.  A  white,  odourless.  Catty  solid,  melting  by  heat,  and  then  exhibiting 

an  acid  reaction. 
a.  Giving,  when  dissolved  in  KHO  and  the  solution  as  nearly  neutral- 
ized as  possible,  a  white  insoluble  precipttate  of  plumbic  sleanile 
— Pb2(C[sH,(0j)— on  the  addition  of  plumbic  acetate,  which 
is  insoluble  in  ether  (distinction  from  plumbic  oleate). 
atea  of  the  alkalies  are  alone  soluble  in  water. 
Any  stearate  heated  with  dilute  HCl  gives  the  free  acid,  which  floats 
as  an  oily  liquid,  solidifying  on  cooling  to  a  while  mass.     This 
test  is  applicable  to  the  analysis  of  soap  (AarJ,  containing  Na, 
or  se/t,  in  which  K  is  present). 

69.  OLEIC  ACID  and  0LSATE8. 
^leic  Acid  is  usually  an  oily  liquid,  but  remains  solid  below  59'  F.  when 
crj'stallized  from  alcohol. 

It  has  no  reaction,  taste,  nor  odour,  does  not  dissolve  in  water,  but  is 
taken  up  by  cold  H^0«  (with  decomposition)  and  by  ether. 
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Oleates  of  E  and  Na  alone  dissolve  in  water.    Acid  oleates  are  all  liquid 
and  soluble  in  cold  absolute  alcohol  and  ether. 

1.  They  do  not  separate  out  from  either  of  these  solvents  when  a  hot 

solution  is  cooled  (distinction  from  stearates  and palmitates), 

2.  Plumbic  oleate  is  precipitable  like  plumbic  stearate,  but  is  separated 

and  distinguished  from  it  by  dissolving  in  ether. 


70.  LACTIC  ACIi}  and  LACTATES. 

• 

The  pure  strong  acid  resembles  glycerin  in  appearance,  liberates  hydrogen 
on  adding  zinc,  and  distils  with  partial  decomposition.     It  dissolves  in  ether. 
It  gives  pure  CO  when  heated  with  sulphuric  acid. 
Lactates  are  not  very  soluble  in  water.     They, — 

1.  Are  insoluble  in  ether. 

2.  Argentic  Lactate — AgCjHgOs^when  boiled  gives  a  dark  precipitate, 

which  on  subsidence  leaves  a  bltu  liquid, 

3.  Strong  solution  of  an  alkaline  lactate  when  boiled  with  HgNOj,  de- 

posits crimson  or  pink  mercurous  lactate — HgCsHgOj. 

71.  OXALIC  ACm  and  OXALATES* 

The  acid  is  very  common,  and  is  recognised, — 

1.  By  its  colourless  prismatic  crystals,  which  are  strongly  acid,  effloresce 

when  exposed  to  dry  air,  and  volatilize  on  heating  with  partial 
decomposition. 

2.  By  the  complete  discharge  it  effects  of  the  colour  of  a  solution  of 

potassium   permanganate — KgMngOg — acidulated    with   dilute 
H2SO4. 

3.  By  reducing  AuClg  with  the  precipitation  of  the  metal. 

4.  By  producing  free  H2SO4  when  added  to  solution  of  CUSO4.    (This 

is  one  of  the  very  rare  instances  in  which  SO4  is  replaced  by 
another  acid  radical  and  HgSO^  liberated.) 

5.  By  giving  the  reactions  of  an  oxalate. 

Oxalates  of  the  alkalies  are  soluble,  the  others  insoluble,  in  wateh    Insoluble 
oxalates  dissolve  in  hydrochloric  but  not  in  acetic  acid.    They  are  known  by — 

1.  Not  charring  when  heated,  but  only  turning  faintly  grey;  followed 

by  a  sudden  glow  of  incandescence,  which  runs  through  the 
mass. 

2.  Not  charring  when  heated  with  sulphuric  acid,  but  yielding  CO  and 

CO2  with  effervescence. 

3.  Not  effervescing  with  cold  dilute  sulphuric  acid;  but  at  once  liber- 

ating CO2  with  effervescence  on  the  addition  of  a  pinch  of 
manganese  peroxide. 

4.  With  calcium  chloride  or  barium  chloride  in  a  neutral  or  alkaline 

solution,  they  give  a  white  precipitate  of  calcium  or  barium 
oxalate,  insoluble  in  acetic  acid^  but  soluble  in  hydrochloric  acid, 
(For  separation  of  oxalates  from  tartrates,  etc.,  see  No.  76.) 

72.  SUCCDHC  acid  and  SUCCINATES. 

This  acid  is  a  white  crystalline  solid.     It  is  known, — 

1.  By  not  charring  with  strong  hot  sulphuric  acid. 

2.  By  subliming  in  a  tube  open  at  both  ends,  in  silky  needles,  without 

giving  of  an  ihitatrng  inipour  (distinction  from  benzoic  acid). 
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3.  By  burning,  when  heated  on  platinum,  with  a  blue  smokeless  tl^uue. 
Saccinates  are  recognised  as  follows : — 

1.  \Viih  ferric  chloride,  a  brownish-red  precipitate  of  ferric  sucdnaU — 
Fe33(C4H^O,)— is  formed. 

2.  With  hydrochloric,  and  sulphuric,  acids,  no  precipitate  is  produced 
(dislinclian  from  bemoaUs).  With  plumbic  ofttate,  a  white  pre- 
cipitate oi  p/umbic  suuinate,  soluble  in  succinic  acid,  succinates, 
and  plumbic  acetate. 

5.  Barium  succinale  is  soluble  in  hydrochloric  acid,  hence  no  effect 
results  irom  the  addition  of  succinic  acid  to  barium  chloride  1 
but  alcohol  and  ammonium  hydrate  give  rise  to  a  white  pre- 
cipitate (anet Iter  point  of  distimtion  from  bmsoaUs). 


73.  KAUC  ACH)  and  HALATES. 

Halic  Acid — HgCiH^Os— is  a  colourless,  cryslalline,  very  deliquescent  acid, 
freely  soluble  in  water  and  alcohol.  Acid  malates  are  most  stable.  The 
characters  are  ; — 

I.  Calcium  chloride,  added  to  a  neutral  solution  of  a  malate,  gives  no 
precipitate.     Alcohol,  however,  even  if  added'  in  small  quantity,  ' 
throws  down  a  white  precipitate  ;  and  boiling  aids  the  effect. 
,  Strong  HjSO^  gives  no  charring  for  some  time  (a  tartraU  is  carbon- 
ized in  affw  minults). 
.  Amorphous  plumbic  malaii  fuses  below  100°  C.  in  water,  but  not  in 
an  air-bath. 


74.  TARIASIC  ACID  and  TABTEATSS. 

xic  Acid — HjC^H^Og— is  a  strong  acid,  soluble  in  water  and  spirit. 

1.  It  forms  usually  oblique  rhombic  prismatic  crystals,  of  an  acid  taste. 

2.  It  is  decomposed  by  heat,  giving  off  the  odour  of  burnt  sugar,  and 
leaving  carbon.  A  similar  eifect  is  produced  by  boiling  with 
strong  HgSO^,  which  blackens  and  carbonizes  it  in  a  few  minutes. 

3.  With  potassium  acetate — KCaHjOj— it  produces  a  white  crystalline 
precipitate  of  potassium  hydrogm  /ur/ra/e— KHC,H,0, — in 
either  an  aqueous  or  an  alcoholic  solution,  soluble  in  much 
water,  but  not  in  spirit.     Stirring  or  violent  shaking  promotes 

the  formation  of  the  salt 
The  same  compound  is  produced  on  adding  any  potassium  salt,  provided 
the  liquid  contain  free  excess  of  tartaric  acid  only. 

Tartrates  of  the  alkalies  are  mostly  soluble ;  but  the  others  are  insoluble. 
The  hydrogen  tartrates  of  K  and  (NH,)  are  nearly  insoluble.     Tartrates  are 
[nised  by  the  following  characters  : — 

,  Heated  to  dull  redness  they  char  rapidly  and  give  off  a  smell  of 
burnt  sugar.      The  black  residue  contains  the  meial  as  car- 
bonate if  it  \x  t-,  Na,  Li,  Ba,  Sr,  or  K ;   but  the  tartrates  of 
other  metals  'usually  leave  the  oxides,  or  more  rarely  (.is 
case  of  AgjC^HjO,)  the  metal. 
,  Heated  with  strong  sulphuric  acid,  they  blacken  rapidly,  and  give  J 
lirst  a  smell  of  burnt  sugar,  and  aflerwards  evolve  SO,.  j 

.  Neutral  solutions  (free  from  more  than  a  trace  of  ammonium  Mlt»}  1 
give,  on  adding  caldom  chloride,  a  white  jirccipitate  uf  caUium  J 
tartrate,  which,  when  freed  from  other  salts  by  wasliing,  dissoln 
readily  in  cold  solution  of  potassium  hydrate  but  la  g    ' 
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cipitated  on  boiling.  The  precipitate  is  soluble  in  NH^Cl, 
but  not  in  NH^HO. 

4.  Mix  a  tartrate  with  Bodinm  carbonate,  and  filter  the  slightly  alkaline 

solution,  so  that  the  only  metal  present  shall  be  sodium.  If 
this  clear  solution,  dSitr' slight  acidification  with  acetic  acid,  be 
mixed  with  argentic  nitrate,  the  whole,  on  heating  nearly  to 
boiling  in  a  clean  tube,  deposits  a  beautiful  mirror  of  metallic 
silver  upon  the  test-tube  employed. 

5.  A  tartrate  prevents  the  precipitation  (more  or  less  perfectly)  of  the 

salts  of  Pb,  Bi,  Cd,  Cu,  Pt,  Fe^,  Mn,  Ni,  Co,  Cr,  and  Zn,  by  an 
alkaline  hydrate  in.  excess,  or  a  phosphate. 

75.  CITBIC  ACID  and  CITBATES. 

Citric  Acid — HjCgHgOT — is  soluble  in  water  and  alcohol,  but  insoluble  in 
pure  ether.  It  entirely  bums  away  when  heated  to  redness  in  the  air ; 
blackens  slowly  when  heated  with  strong  sulphuric  acid  ;  and  when  neutral- 
ized by  ammonium  hydrate,  and  the  solution  cooled,  the  solution  gives 
no  precipitate  with  calcium  chloride  until  it  has  been  boiled.  Added  to 
ferric,  chromic,  or  aluminic  salts  in  solution,  it  prevents  their  precipitation 
by  ammonium  hydrate. 

Citrates  exhibit  the  following  characters : — 

.1.  Heated  alone,  they  char  slowly,  and  evolve  an  odour  of  burnt  sugar, 
but  not  so  intense  as  that  of  a  tartrate.  At  a  dull  red  heat,  the 
citrates  of  K,  Na,  Li,'  Ba,  Sr,  and  Ca  leave  their  carbonates ; 
but  those  of  most  other  metals  leave  the  oxides.  Argentic 
citrate  leaves  the  metal. 

2.  Heated  with  strong  sulphuric  acid,  they  slowly  blacken,  and  evolve 

a  slight  odour  of  burnt  sugar. 

3.  Mixed  in  the  cold  with  calcium  chloride,  in  the  presence  of  a  slight 
•  excess  of  ammonium  hydrate,  they  give  no  precipitate ;  but  on 

boiling,  calcium  citrate — Cz^iQ^firj — separates  as  a  white 
precipitate.  If  this  precipitate  be  filtered  hot,  and  washed  with 
a  little  boiling  water,  it  is  found  to  be  quite  insoluble  in  cold 
solution  of  potassium  hydrate,  but  readily  soluble  in  neutral 
solution  of  cupric  chloride. 

4.  Mixed  with  argentic  nitrate  and  boiled,  no  mirror  of  metallic  silver 

is  produced. 

76.  SEPABATION  OF  OXALATES,  TAETBATES,  CITBATES,  and 

MALATES. 

If  the  solution  be  acid,  neutralize  it  with  sodium  hydrate  ;  but  if  neutral  or 
alkaline,  it  is  ready  for  use,  and  is  treated  as  follows  : — 

A,  Acidulate  slightly  but  distinctly  with  acetic  acid,  bring  the  whole 

to  the  boil,  and  add  a  drop  or  ^wo  of  calcium  chloride  ;  and  if 
it  produce  a  precipitate,  add  it  till  precipitation  ceases.  Keep 
the  whole  nearly  boiling  for  a  time,  till  the  precipitate  aggregates, 
and  filter.  The  precipitate,  after  washing,  should  be  quite  in- 
soluble in  cold  solution  of  potassium  hydrate. 

B,  To  the  filtrate  from  {A)  mixed  with  some  more  calcium  chloride, 

ammonium  hydrate  is  added  in  slight  but  distinct  excess, 
and  the  whole  thoroughly  cooled.  Calcium  tartrate  precipi- 
tates, and  when  it  has  settled  clear,  the  liquid  is  poured  off 
and  preserved  for  {€),    This  precipitate,  after  washing,  should 
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be  entirely  soluble  in  cold  solution  of  potassium  hydrate,  and 
reprecipilable  by  boiling. 

C.  The  liquid  is  siowly  boiled  for  some  time  ;  and  if  a  precipitate  does 

not  form  readily,  a  little  more  CaClj  and  NH^HO  added,  and 
the  boiling  resumed.  The  precipitate,  when  it  begins  to  sub- 
side well,  is  filtered  out  while  still  hot  It  should  be  {after 
washing)  quite  insoluble  in  cold  solution  of  potassium  hydrate  ; 
but  soluble  in  perfectly  neutral  solution  of  cupric  chloride. 

D.  To  the  hitrate  add  alcohol,   vhen  calcium  malaie  will  separate ; 

but  this  portion  of  the  separation  is  not  infallible,  and  the  pre- 
cipitate must  be  carefully  examined  to  see  that  it  really  is 


77.  KECOinC  ACID  and  XECONATES. 

Keconic  Acid  is  a  white  powder,  with  a  strongly  acid  reaction,  soluble  in 
water,  alcohol,  and  ether. 

Keconates  communicate  a  red  colour  to  ferric  chloride  solution.  This  colour" 
is  not  discharged  by  HgCh  nor  by  dilute  HCl.  By  this  means  it  is  distin- 
guished from  a  sulpkocyanale  and  an  achate. 

7B.  CABBOUC  ACID  (or  Pheiiic  Acid)  and  CARBOLATES  (Pbenates). 

The  qualities  of  this  acid  are  very  distinctive. 

II.  It  is  a  colourless,  crystalline  solid,  melting  at  94"  F.,  and  not  vola- 
tile at  ^l%°,  having  the  odour  and  taste  of  creasoie,  being  very 
poisonous,  and  not  reddening  test-paper. 
a.  The  crystals  deliquesce  readily,  forming  a  liquid  which  does  not 
mix  freely  with  water,  but  incorporates  readily  with  alcohol, 
ether,  and  glycerin. 
3.  Mixed  with  HCl  and  exposed  to  the  air  on  a  strip  of  deal,  it  be- 
comes greenish  blue. 
4.  It  coagulates  d/^M/nfn.     It  does  not  rotate  polarized  light 
5.  Saturated  with  ammonia  gas— NH, — and  heated  in  a  closed  tube, 
aniline  is  formed. 
CjHjHO  +  NHj  =  C.HjHjN  +  HjO 
6.  It  resembles  HCy  in  not  decomposing  carbonates. 
7.  NH.HO  and  CaOClj  produce  a  blue  liquid. 
8.  It  unites  directly  with  Strong  HjSOi  to  form  sulpho-phcnic    (or 
sulpho-carbolic)  acid— CgHsHSO,. 
CaiboUtea  give  the  following  reactions : — 

1.  When  heated  alone,  they  evolve  the  odour  of  carbolic  acid  aod  de- 

compose. 

2.  Healed  with  strong  sulphuric  acid,  they  also  smell  of  carbolic  acid. 

3.  Ferric  chloride  causes  a  reddish-violet  colour. 
Solptto-Carbolates  behave  similarly,  but  also  give  the  reactions  of  a  sulphate   1 

with  barium  chloride.  1 

79.  BENZOIC  ACID  ajtd  BEKZOATES.  | 

Benzoic  Acid  is  of  characteristic  appearance,   being  nsu-illy  seen   in   light  J 

feathery,  flexible,  nearly  colourless  crystalline  plaies  or  needles,  and  coiitaiB-.J 

^^  ing  a  trace  of  an  agreeable  volatile  oil.  I 
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1.  It  is  only  slightly  soluble  in  water,  but  dissolves  freely  in  S.  V.  R., 

and  in  solutions  of  soluble  hydrates. 

2.  Heated  in  the  air,  it  bums  with  a  luminous  smoky  flame ;  and  when 

made  hot  in  a  tube  open  at  both  ends,  sublimes  in  needles 
giving  off  an  irritating  vapour, 

Benzoates  possess  the  following  general  qualities : — 

1.  Heated  with  sulphuric  acid  they  evolve  the  odour  of  benzoic  acid, 

and  darken. 

2.  Ferric  chloride,  in  a  solution  made  slightly  alkaline  by  ammonium 

hydrate,  gives  a  reddish-white  precipitate — ferric  benzoate — 
Fe26(C7H502) — soluble  in  acids  {benzoic  included).  If  this 
precipitate  be  now  filtered  out  and  digested  in  ammonium 
hydrate,  it  is  decomposed  into  a  precipitate  of  ferric  hydrate, 
and  a  solution  of  ammonium  benzoate,  which  is  separated  by 
filtration  and  treated  as  in  3. 

3.  Strong  hot  solutions  of  benzoates  yield  crystals  of  benzoic  acid  when 

hydrochloric  acid  is  added,  and  the  solution  allowed  to  cool. 

4.  When  distilled  with  potassium  dichromate  and  sulphuric  acid,  they 

do  not  yield  a  distillate  smelling  of  oil  of  bitter  almonds 
(absence  of  cinnamic  acid,  which  would  form  benzoic  aldehyd 
when  treated  thus). 

80.  CnrNAmC  acid  and  dNN AlEATES. 

This  may  be  recognised  by  reaction  4  {above)  and  also, — 

By  giving  the  product  of  benzoic  aldehyd — C^H^O — ^when  heated 
with  PbOj. 

Cinnamates  yield  a  precipitate  of, — 

Yellow    ferric    cinnamate  —  Fe26(C9H702)  —  with    ferric   chloride 
(benzoates  give  a  reddish  precipitate), 

81.  SALICTLIC  ACID  (H2C7H4O3). 

This  acid  occurs  in  large  prisms,  when  crystallized  from  a  solution  in  alcohol 
in  which  it  is  readily  soluble.  It  is  freely  dissolved  by  hot  water,  but  not 
readily  by  cold,  requiring  1,800  parts  of  the  latter  to  completely  dissolve  it. 

1.  Its  aqueous  solution  gives  with  Fe^Clg  a  deep  violet  coloration.     The 

compounds  with  methyl,  ethyl,  etc.,  give  this  reaction,  as  well 
as  the  ordinary  salts. 

2.  Its  methyl  salt,  formed  by  warming  a  salicylate  with  sulphuric  acid 

and  wood  spirit,  has  a  very  fragrant  odour. 
From  most  other  solid  bodies  it  may  be  separated  by  taking  advantage  of 
its  exceptionally  great  solubility  in  ether.  In  the  event  of  its  presence  in  an 
organic  liquid  (such  as  milk)  it  or  its  salts  may  be  procured  in  a  pure  condition* 
by  dialysis.  The  liquid  is  placed  in  a  dialyser,  and  this  floated  on  pure 
water.  The  salicylic  acid  or  salicylate  is  found  after  some' time  to  have 
entirely  passed  through  the  septum,  and  may  be  obtained  by  evaporating  the 
aqueous  solution  and,  when  reduced  in  bulk,  shaking  with  ether. 

82.  DETECTION  OF  CAEBOUC  ACID  IN  THE  PRESENCE  OF  SALICTLIC 

ACID. 

Boil  10  grains  in  half  an  ounce  of  water,  cool,  decant  the  solution  and  add 
to  it  I  minim  of  a  saturated  solution  of  KHCOs,  '  niinim  of  aniline,  and  5 
drops  of  solution  of  chlorinated  lime,  when,  if  carbolic  acid  be  present,  a  deep 
blue  is  produced. 
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83.  TANNIC,  OALUC,  and  PTSOOALIIC  ACID. 

Tannic  Acid  is  soluble  in  water  and  alcohol,  and  very  soluble  in  glycerin.  It 
is  insoluble  in  pure  dry  ether,  but  dissolves  readily  in  ether  containing 
a  little  water. 

Gallic  Acid  is  slightly  soluble  in  cold  water,  but  readily  in  boiling,  it  is  also 
freely  soluble  in  glycerin,  and  slightly  in  alcohol  and  ether. 

Pyrogallic  Acid  is  very  soluble  in  water,  the  solution  rapidly  absorbing  oxygen 
from  the  air  and  becoming  brown.  It  also  dissolves  in  alcohol  and 
ether. 

■ 

DISTINCTION  BETWEEN  GALLIC,  TANNIC,  AND  PYROGALLIC 

ACIDS. 


Behaviour  of  the 
Acid  with 

Gallic 

Tannic 

Pyrogallic 

Ferrous  Salts .     . 

A  dark  solution 
is  formed, 
gradually  de- 
positing a 
precipitate. 

The  same  effect 
as  Gallic 

A  blue  solution. 

Ferric  Salts    .    . 

Purplish      pre- 
cipitate    im- 
mediately 
formed. 

Same    as    pre- 
ceding. 

A  red  solution. 

Calcium  Hydrate 
in  the  form  of 
Milk  of  Lime, 

A  brownish  pre- 
cipitate,   be- 
coming deep 
brown    in    a 
few  seconds. 

A  white  preci- 
pitate slowly 
changing. 

Instantaneous 
production  of 
a  purple  so- 
lution becom- 
ing brown  by 
oxidation. 

Gelatin .... 

No   precipitate 
(except  in  the 
presence     of 
gum). 

Immediate 
brownish 
precipitate. 

No  precipitate. 

vol.  II. 
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QUALITATIVE  ANALYSIS.   AS  APPLIED   TO   THE 

DETECTION  OF  UNKNOWN  SALTS. 


I.  G£NEEAL  PEELIMINAaY  EXAMIKATION. 


Under  this  head  are  included, — 

I.  The  observation  of  the  physical   projjerties  of  the  substance  sub- 

mitted  for  analysis. 

a.  Its  behaviour  when  heated,  either  alone  or  in  the  presence  of 
reducing  agents  or  fluxes. 
I  3.  Its  reaction  with  test  papers ;  the  colour  it  communicates  to  flame, 
etc. 
So  particular  and  minute  may  this  examination  be,  that  in  the  larger  works 
on  chemical  analysis  many  ]}ages  will  be  found  devoted  to  it ;  but  for  the  pur- 
poses of  the  analysis  likely  to  come  before  the  ordinary  chemical  student,  it  is 
sufficient  to  only  carry  it  the  length  of  a  few  readily  obtainable  and  unmis- 
takable inferences.  In  discussing  the  appearances  to  be  obtained  and  the  in- 
ferences to  be  drawn,  we  will  take  two  distinct  cases  : — 

First,  the  best  method  of  procedure  in  event  of  the  substance  being  a 
fluid ;  and,— 

Second,  in  the  event  of  its  being  a  solid. 

Case  I.  THE  8UBSTAHCE  GIVEH  IS  A  FLUID. 
Step  1.  Carefiilly  mark  its  reaction  with  bine  and  red  litmus  paper.  EvapO' 
rate  a  little  to  dryness  at  a  gentle  heat  on  a  clean  porcelain  crucible 
lid,  observing  the  nature  of  the  residue  left,  if  any ;  and  finally  raise 
this  residue  to  a  red  heat,  carefully  noting  whetjier  it  is  volatilised, 
blackened,  or  altered  in  colour  any  way. 

From  a  careful  study  of  thc-se  points,  the  following  simple  inferences  may 
safely  be  drawn  ;  any  appearance  not  referred  to  being  neglected  as  not  afford- 
ing a  really  distinctive  indication. 
I A.  Keutral,  no  odour,  and  leaving  no  reddne  whatever.     Probably 

^^^^b  £.  strongly  acid,  leaving  no  residae.     Probably  an  ordinary  volatile 

^^^V  .icid,  such  HCl,  HNO„  HC,H,0^  etc 

^^^H  C.  Strongly  acid,  leaving  a  residue,  fusible  by  heal  and  also  strongly 

^^^B  acid.     Probably  a  non-volatile  mineral  acid,  such  as  HjPO,. 

^^^^1  D.  Strongly  acid,  leaving  a  residue,  which  on  heating  chars,  and  cn- 

^^^^B  tirely    bums    away.      I'robabI)'    free    organic    acid,   such  as 

^^H  HjC.H.Oj.  H,,C„HjO-,  HCjH.Os,  etc 

^^^V   £.  Neutral  or  slightly  acid,  leaving  a  residae,  which  voblitizes  in 

^^^^1  fumes,  but  without  blackening.     Probably  an  ordinary  salt  of  a 

^^^^r  volatile  metal,  such  as  NH^  Hg,  As,  Sb,  etc 

^^^L.  II. 
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F.  Mentral  or  Bligfatlf  acid,  leaving  a  residae,  which  on  heating 

blackens  and  volaliiizes  in  fumes.     Probably  an  organic  salt  of 
NHt,  Sb,  or  other  volatile  metal. 

G.  Neatral  or  Blig;htl7  acid,  leaving  a  reeidne,  which  on  heating 

charges  colour  as  follows  ; — 

Yellow  while  hot,  white  on  cooling,     Probably  salt  of  Zn. 
Deep  yellov  while  hot,  yellow  on  cooling.     Probably  salt  of  Pli 
Yellowish-brown  while  hot,  dirty  Hght-yellow  on  cooling.    Pro- 
bably salt  of  Sn". 
Orange  or  red  while  hot,  dulI-yellow  on  cooling.    Probably  salt 

ofBi. 
Red  while  hot,  reddish-brown  on  cooling.     Probably  salt  of  Fe 

orCe. 
Permanent  brownish  black.     Certain  salts  of  Mn. 

H.  Hentral  or  Blightly  acid,  leaving  a  white  reddne,  nhich  blackcDs 
on  heating,  bums,  and  leaves  a  black  or  greyish  mass.  Pro- 
bably an  organic  salt  of  a  fixed  metal  In  this  special  laif, 
proceed  as  follows  : 

Moisten  the  residue  with  a  little  water,  and  touch  it  nilii 
reddened  litmus  paper.  If  alkaline,  the  original  substance  was 
an  organic  salt  of  K,  Na,  or  Li,  in  which  case  proceed  by  (u)- 
If  not  alkaline,  proceed  by  (6). 

(a)  Boil  the  ash  with  the  smallest  possible  quantity  of  water,  filter, 
acidulate  with  HCl  till  effervescence  ceases  ;  dip  a  perfectlj' 
clean  platinum  wire  in  the  solution,  and  try  the  Hame  tesL  If 
crimson,  Li.     Bright  yellow,  Na.     Violet,  K. 

Nate.— The  latter  flame  not  being  very  easily  seen  in  daylight,  it  is  ad- 
visable to  add  to  the  solution  PlCl^  and  C^HgO.  Shake  well 
and  cool.  Yellow  crystalline  precipitate  of  potassium  platino- 
chloridc(PtCl»2Kei). 

(d)  The  ash  is  covered  with  water  and  treated  with  HCgHjO,.  If 
effervescence  takes  place,  the  original  substance  was  probably 
an  organic  salt  of  Ba,  Sr,  or  Ca  ;  and  these  metals  may  at  once 
be  tested  for  in  the  acetic  acid  solution. 

/.  ITeiitral  or  slightly  acid,  leaving  a  Tesidue  which  takes  fire  and 
continues  to  burn  even   after  removal  from  the  flame,  giiing 
off  clouds  of  white  fumes  and  leaving  a  fixed  white  or  pinkish 
residue.    Probably  a  hypophosphite  ;  which  fact  should  be  noted      I 
as  an  aid  to  future  information  as  to  acidulous  radicals,  i 

A'  Strongly  alkaline,  leaving  a  fixed  white  residue,  also  alkaline.  A 
hydrate,  carbonate,  bicarbonate,  or  sulphide  of  a  fixed  alkaline 
metal,  or  a  hydrate  or  oxide  of  Ba,  Sr,  or  Ca,  In  this  case 
proceed  as  follows  ; — 

Acidulate  a  portion  of  the  original  solution  with  HCl. 

(a)  If  it  effervesces  without  smell,  and  is  therefore  a  carbonate  or  bicar- 
bonate, test  at  once  by  the  flame  for  K,  Li,  Na,  and  also  another 
portion  of  the  original  solution  with  HgClj.  If  red,  a  carbo- 
nate ;  if  not,  a  bicarbonate. 

(i)  Eflervesces  with  smell  of  HjS.  In  this  case  it  is  a  sulphide  ;  and  if 
a  deposit  of  S  also  takes  place,  a  polysulphide.  Add  to  a  fresh 
portion  of  the  original  solution  excess  of  HCl,  boil  till  HjS  is 
expelled,  filter,  if  necessary,  and  test  the  solution  for  all  metals 
of  fourth  and  fifth  groups. 


(f)  It  does  not  effervesce.  In  this  case  add  to  a  fresh  portion  of  the 
original  solution,  AgNOj.  If  a  brownish -black  precipitate  be 
formed,  it  is  a  sohible  hydrate.  A  portion  of  the  original  solu- 
tion should  be  neutralized  with  KCl,  and  then  examined  for  all 
metals  of  fourth  and  fifth  groups. 
ttr. — If  AgNOg  with  original  solution  gives  a  yellow,  a  white,orabriclc- 
rcd  precipitate,  the  presence  of  a  phosphate,  bora.te,  or  arseniate 
of  K.  or  Na  may  be  suspected.  In  the  case  of  a  complex 
solution  in  which  a  salt  of  some  other  metal  is  given  dissolved 
in  excess  of  an  alkali,  an  intimation  of  the  fact  will  be  obtained- 
on  cautiously  adding  the  HCl,  as,  at  the  moment  of  neutraliza- 
lion,  the  dissolved  substance  ainiears  as  a  precipitate  before 
again  dissolving  in  the  excess  of  HCL  Basic  plumbic  aceute 
has  an  alkaline  reaction. 

'.  Sip  a  clean  plalinum  wire  in  the  solution,  and  heat  in  the  inner 


D  or  blowpipe  flame. 
Violet     . 
Golden-yellow 
Veilowish  green 
Crimson 
Orange-red 
Green     . 
Blue 


The  outer  flame  is  coloured  as  under  ; — 
Potassium. 
Sodium. 
Barium. 

Slrontium  or  Lithium. 
Calcium. 

Copper  or  Boradc  Acid. 
Lead,  Arsenic.  Bismuth  ; 
also  Copper  as  cliloride. 


Case  n.    THE  SUBSTANCE  GIVEN  IS  A  SOLID. 
^  Heat  a  little  of  the  Babetance  to  redness  on  platintun  foil. 
,  It  fuses  and  gives  off  steam,  probably  water  of  crystalli2aiion. 
.  It  fuses  and  gives  off  the  odour  of  ammonia,  and  leaves  an  acid 
residue,   probably    the    aramoniacal    sail  of  a  fixed  acid   as 
(NHO3HPO,. 
!  It  volatilizes  without  blackening,  probably  an  ordinary  sail  of  NH^, 
Hg,  As,  Sb. 


s  before  volatilising.     Many  iodides 
a  violet  fumes,  especially  I'blj  and 


A  free  organic  acid,  or  an  organic 


rft— SbjOg  fuses  to  a  yellow  n 
also  fuse  and  give  ofl^  iodine  ii 
Cdl,. 

',  Blackens,  bums,  and  volatilizi 
salt  of  NH^,  Hg,  As,  or  Sb. 
— Oxalates,  although  organic,  do  not  blacken  to  any  extent.  If 
carefully  observed,  however,  a  slight  greyish  tint,  followed  by  a 
distinct  glow  running  through  the  mass,  will  be  noticed  at  the 
moment  of  decomposition.  To  make  certain,  it  is  well  to  place 
a  little  of  the  original  powder  in  one  tube,  and  the  residue,  after 
ignition,  in  another;  cover  them  both  with  water,  and  add  a 
drop  of  acetic  acid  to  each.  If  the  residue  effervesce,  and  the 
original  powder  does  not,  strong  presumptive  evidence  is  ob- 
tained of  the  presence  of  an  oxalate  of  the  alkaline  or  earthy 
metals. 

t  Blackens,  bums,  and  leaves  a  fixed  residue,  an  organic  salt  of  a 
fixed  metal.     Examine  residue  as  per  Case  I.  Step  i,  ff. 

1  The  substance  does  not  blacken,  but  changes  colour.     See  Case  I, 
Step  I.  G. 
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Step  2.    Heat  a  little  of  the  sulmtance  on  charcoal  before  the  Uowpipe. 

Ordinary  alkaline  salts  fuse  and  sink  into  the  charcoal.     Some  decre- 
pitating (example  NaCl,  etc),  others  deflagrating  (as  KNOj,  KCIO^   ' 
etc),  but  no  sufficiently  characteristic  indications  are  usually  obtained, 
except  in  one  of  the  following  cases  : — 

A,  A  white  luminous  residue  is  left     Moisten  it  when  cold  with  a 

drop  or  two  of  cobaltous  nitrate,  and  again  apply  the  blowpipe, 
observing  any  change  of  colour  as  follows  : — 
The  residue  becomes  blue,  indicating  Al,  Silicates,  or  Phos- 
phates. 

„  „  „        green,  „        Zn. 

„  „  „        pink  or  flesh-coloured,  indicating  Mg. 

B,  A  coloured  residue  is  left     Prepare  a  borax  bead,  and  heat  a  litttle 

of  the  substance  in  it,  both  in  the  reducing  and  oxidizing  flame, 
and  note  any  colours  corresponding  with  the  following  list 


Metal. 

In  Oxidizing  Flame. 

In  Reducing  Flame. 

Cu 

Green  (hot).     Blue  (cold). 

Red  (cold). 

Co 

Blue. 

Blue. 

Cr 

Green. 

Green. 

Fe 

Red  (hot).     Yellowish  (cold). 

Bottie-green. 

Mn 

Amethyst 

Colourless. 

Ni 

Reddish-brown  (hot).    Yellow  (cold). 

Same  as  oxidizing  flame. 

C  A  metallic  residue  is  left,  with  or  without  incrustation  surrounding  it 
Mix  a  little  of  the  substance  with  KCy  and  NajCOs,  ^^^  ^*" 
pose  on  charcoal  to  the  reducing  charcoal  flame. 

(a)  Metallic  globules  are  produced  without  any  surrounding  incrustation 
of  oxide.  '  This  occurs  with  Ag,  Au,  Cu,  Fe,  Co,  and  Ni,  all 
easily  recognisable. 

{b)  Metallic  globules  are  produced  with  a  surrounding  incrustation  of 
oxide.  This  occurs  with  Sn,  Bi,  Pb,  and  Sb.  The  incrustation 
having  the  characteristic  colours  already  described  in  Case  I., 
Step  I,  G, 

Note. — Sb  often  forms  a  white  and  distinctly  crystalline  crust 

{c)  T'he  metal  volatilizes,  and  only  leaves  an  incrustation  of  oxide. 
This  occurs  with  As  (garlic  smell  and  white  incrustation), 
Zn  (yellow  [hot],  white  [cold]),  and  Cd  (reddish-brown). 

Step  3.  Dip  a  clean  platinum  wire  in  HCl,  then  in  the  substance,  and  heat 
in  the  inner  Bunsen  or  blowpipe  flame ;  and  observe  eff"ects  already 
noticed  in  Case  I.,  Step  2. 
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I.    PEEPAEATION  OP  THE    SOLUTION    FOE  ANALYSIS 
FOB  METALS,  IF  THE  SUBSTANCE  BE  NOT  ALREADY 

DISSOLVED. 

1.  Take  a  minute  portion  of  the  substance  and  boil  it  with  water  in  a 

test-tube ;  should  it  dissolve,  then  take  a  larger  portion  and 
dissolve  for  testing. 

2.  Should  the  salt  prove  insoluble,  take  another  small  portion  and  heat 

with  HCl,  and  add  a  little  water  and  again  heat.  If  it  now 
dissolves,  prepare  a  larger  quantity  of  the  solution  for  use  in 
the  same  manner. 

3.  Should  it  resist  HCl,  try  another  small  portion  with  HNO3  by  heat- 

ing, and  then  adding  water.  If  this  dissolves  it,  make  up  a 
larger  quantity  of  a  similar  solution  for  testing. 

4.  Should  HNO3  also  fail,  try  another  small  portion  with  two  parts 

HCl  and  one  part  HNO3,  warming  and  diluting  as  before ;  and 
if  it  succeeds,  make  up  a  larger  amount  of  solution  in  the  same 
manner. 

5.  If  all  acids  fail,  then  take  another  portion  of  the  substance,  mix  it 

with  several  times  its  bulk  of  a  perfectly  dry  mixture  of  sodium 
and  potassium  carbonates  (prepared  by  heating  Rochelle  salt  in 
an  open  crucible  until  the  residue  thoroughly  ceases  to  evolve 
any  gases,  then  extracting  with  distilled  water,  filtering,  evapo- 
rating to  dryness,  heating  the  residue  to  redness,  and  preserving 
for  use  in  a  stoppered  bottle.  This  reagent  will  hereafter  be 
shortly  described  as  fosion  mixture).  Place  the  whole  in  a 
platinum  crucible,  and  fuse  at  a .  bright-red  heat ;  when  cold, 
boil  with  water  and  save  the  solution  thus  obtained  for  acidulous 
radicals.  The  insoluble  matter  is  then  to  be  drenched  with 
strong  HCl,  slightiy  diluted  and  boiled,  and  the  solution  used 
for  testing  for  the  metal.  Any  insoluble  white  gritty  matter  still 
remaining  is  put  down  as  silica. 

ni.  DETECTION  OF  THE  METAL. 

The  processes  to  be  applied  vary  according  as  the  substance  under  exami- 
nation is  a  simple  salt  or  a  mixture  of  salts  ;  and  the  following  tables  are  to 
be  used  accordingly. 
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Having  thus  ascertained  the  metals  present  in  the  substance  under 
examination,  it  is  now  necessary  to  turn  our  attention  to  the  examination  for 
acidulous  radicals.  This  is  a  matter  of  some  nicety,  as  it  is  impossible  to 
construct  tables  for  the  separation  of  acidulous  radicals  so  simple  and  direct 
as  those  already  considered  for  metals.  Much  depends,  even  with  the  latter, 
on  continued  practice  in  the  laboratory,  so  that  though  the  tyro  may  fall  into 
errors,  he  will  soon  learn  to  steer  clear  of  the  numerous  rocks  ahead  which  are 
invariably  met  with.  It  frequently  occurs  that  two  or  more  substances  are 
mixed  together  which  so  completely  decompose  each  other  as  to  render  the 
elucidation  of  the  problem  entirely  a  matter  of  experience.  Let  the  student 
therefore  seek  to  thoroughly  grasp  the  reasons  for  the  steps  he  takes,  and 
when  he  has  done  so  (but  not  before)  let  him  acquire  the  habit  of  thinking 
for  himself,  rather  than  slavishly  following  any  set  system  to  the  exclusion  of 
the  use  of  his  own  brains  and  experience. 
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V.  PBEPAfiATION  OF  THE  SOLUTION  BEFORE  PKOCEK& 
DIG  TO  THE  ANALYSIS  OF  ACIDITLODS  RADICALS. 


1.  If  anymeUls  other  than  alkalies  have  been  faund,add  strong  5o)ulioaof 
Na,COi  tilj  the  whole  is  just  distinctly  alkaline,  boil  and  iiJter  any  predi«lUt 
which  fonns.     By  this  means  the  heavy  metals  are  removed,  and  Uic  add 
radicals,  being  transfeired  into  sodium  salts,  are  then  in  a  proper  state  fiSi , 
analysis. 

».  Divide  the  solution  thus  obtained  into  six  parts. 

{a)  One  part  to  be  acidulated  with  HCl,  and  kept  for  Step  ; 
{b)  Another  part  to  be  acidulated  with  HNO„  and  kept  for  Step  J 
U)  Another  part  to  be  acidulated  with  HC,H,0»  and  kept  for  Stt 
{a)  Another  part  to  be  rendered  just  acid  with   HCl,  and  tfae 

alkaline  with  NH.HO,  and  kept  for  Step  4. 
{()  Another  part  to  be  made  ejtacliy  neutral  by  boiling  and  1 

in  very  dilute  HNO,.     If  by  mistake  too  much  HNO,  bcj 
we  must  then  work  back  again  with  very  dilute  NaHO  I 
neutral.     This  part  to  be  saved  for  Step  5. 
(/)  The  last  pari  to  be  kept  against  contingencies. 


CMe  II.    THE  SUBSTANCE  IS  INSOLUBLE  IN  WATEB,  BUT  SOLS 
IN  ACIDS. 

t.  Boil  a  little  of  the  solid  with  strong  solution  of  NaHO  for  some  Ifl 

tiicn  dilute  and  tiller,  rejecting  the  precipitate,  and  using  only  the  6]trzte.-l 

2.  Divide  the  liltrale  into  six  parts,  and  treat  as  above  directed. 


In  this  case  a  fusion  will  have  already  beeo  performed,  for  the  met 
the  acid  roust  be  got  from  the  portion  of  the  residue  after  fusion  whi 
soluble  in  water. 


VL  COURSE  FOR  THE  DETECTION  AND  SEPARATIOlTi 

ACIDULOUS  RADICALS. 
Stap  1.    Use  the  portion  {a)  of  the  prepared  soltition,  acidulated  with  HCL 

A.  To   a    part   of   (a)   add   BaCl,.     White  precipitate,  insoluble    00 

dilution  with    H,0  and  boiling,  and  also  insoluble  in  boillog 
HNO,  =  Sulphate. 

B.  To  another  portion  of  (a)  add  FegCl^. 
I.  A  deep  blue  precipitate  turned  reddish-brown  by  KHO  and 

blue  restored  bjr  HCl  -  Ferrocyanide. 
I.  A  blood-red  precipitate  bleached  by  HgClj  =  Stdphocraoide. 
3.  „  „  not  bleached  by  HgC^  =  Hecon&te. 

C  To  another  part  of  (a)  add  FeSO^.  A  deep  blue  precipitate  the 
colour  of  which  is  destroyed  by  RHO  and  restored  by  HCl 
=  Ferricyanide. 


Use  the  portion  {^)  of  the  prepared  BOlntion,  acidtilated  with 
tKO,,  Bui  disregard  an;  precipitate  which  does  not  Bubside  readily 
D  a  cordy  fonu  on  boiling  and  shakiag. 

t  of  the  solution  adJ  a  drop  of  AgNO^  and,  if  it  produce  a  precipi- 
.  jEcess,  warm,  and  shake  well 
.  A  curdy-uihite  precipitate,  soluble  in  strong  HNOj  (boiling),  and 

also  in  NH^HO=Cyaiiide  (con6nn  by  Iron  test). 
.  A  curdy-whfie  precipitate    insoluble  in  strong  boiling  HNO*  but 
instantly  soluble  in  NH,HO  =  Chloride. 

eurdy,  dirty,   or  yelloioisk-while  precipitate,   slowly   soluble    in 
NH,HO  =  Bromide  (confirm  by  chlorine  water  and  chloroform). 
,  A  curdy-yel low  precipitate  insoluble  in  and  turned  white  by  NH,HO 
=  Iodide  (eonfinn  by  chlorine  waLer  and  starch  paste). 


SEPARATIONS. 

.  To  distinguish  between  argentic  cyanide  and  chloride,  filler  off 
the  precipitate,  wash  well  with  boUing  water,  remove  from 
the  filter,  and  heat  to  redness  in  a  porcelam  crucible.  Dig^t 
the  fused  residue  in  heated  HNOj,  which  will  dissolve  the  Ag 
left  by  the  decomposition  of  the  AgCy,  but  will  leave  the  AgCl, 
if  any,  untouched  as  a  white  residue.  The  HNOi  will  evolve 
red  fumes  when  dissolving  the  Ag,  and  the  solution  will  give 
a  white  precipitate  with  HCI,  thus  proving  tlie  metallic  silver, 
and  therefore  by  inference  also  the  presence  of  the  decom- 
posable cyanide.  If  the  precipitate  be  all  AgCl,  it  will  simply 
(use  to  a  horny  mass  perfectly  unatfected  by  HNOi- 

^B.  Tu  detect  AgCI  in  the  presence  of  AgL     Wash  the  precipitate 

well  by  decantation,  and  then  add  some  dilute  N  HjHO 
(B.P.  liquor  I  in  3),  shake  up  and  filter  (any  Agl  remains 
insoluble).  Dilute  the  filtrate,  and  add  a  slight  excess  of  HNOt 
and  if  any  AgCl  was  present,  it  will  separate  again  as  a  pure 
while  curdy  precipitate. 

C.  To  detect  AgCl  in  the  presence  of  AgBr.     Remove  any  Agl,  if 

necessary,  by  digestion  with  N  H,HO.  Filter  and  reprecipitate 
with  HNO„then  boil  the  washed  precipitate  with  strong  KHO, 
dilute  and  filler.  Evaporate  the  filtrate  to  dryness,  and  distil 
the  residue  with  K,Cr,0,  and  H,SO^  If  CI  be  present,  deep 
red  fumes  of  chlorochromic  acid  will  be  formed,  which  wil^ 
when  received  into  very  dilute  NH,HO,  colour  it  yellow. 

ffett  I. — In  practice  the  use  of  the  scpamtions  must  be  gavemed  by  what  is  fosnd 
previously.  For  example,  if  no  HCy  was  given  olf  in  the  pretimiiuiij 
fieuting  with  HiSO,,  the  ignition  of  this  group  need  not  \k  lanneA  lo. 
Again,  if,  say,  neither  Cy  or  Br  were  found  in  the  preliminary  step,  of 
course  any  silver  precipitate  soluble  in  NHiHO  must  be  only  AgCl. 
The  best  way,  if  1  be  found  in  the  preliminary  coorse,  is  at  once  lo  test 
also  fur  Br,  by  talcing  a  cmatl  portion  of  the  0rigin.1l,  adding  a  drop  of 
starch  paste,  and  Iben  chlorine  water  until  thi  Uui  of  Ike  ieditu  it 
tnlirdy  blaicktd.  If  now  some  chlorofonn  be  added  and  the  whole 
shaken,  any  Br  prescnl  will  colour  the  chlorofonn  golden  red,  It  is  only 
in  the  event  of  fir  brin^  distinctly  found  in  the  preliminary  (or  as  jast 
advised)  that  the  dislillation  of  a  cnloriile  need  be  resorted  to.  and  even 
(ben  only  when  the  silver  precipitate  looks  whiter  than  AgBr  ought  to 
b^  ud  U  in  pan  instantly  toluble  in  NU.HO. 
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Note  2. — ^A  very  good  rough  way  of  gettiDg  at  the  possible  presence  of  a  chloride 
when  a  bromide  has  already  been  found,  is  to  take  some  of  the  solution 
and  add  carefully  dilute  AgNOj  till  only  a  part  of  the  whole  is  precipi- 
tated, then  to  filter  off,  and  to  once  more  add  AgNOs  to  the  filtrate, 
this  time  in  excess,  and  again  filter.  Compare  the  colour  of  the  two 
precipitates,  and  if  both  are  alike  then  it  is  all  AgBr,  but  if  the  latter 
portion  be  whiter  than  the  first,  then  AgCl  is  also  present  This  de- 
pends on  the  fact  that  the  Ag  combines  first  with  any  Br  present,  and 
only  forms  the  white  AgCl  after  the  AgBr  has  ceased  to  be  precipitated. 
The  separation  of  Agl  and  AgCl  is  so  simple  that  it  should  always  be 
done  if  I  can  be  found. 


Step  3.    Use  the  prepared  solution  {c)  acidulated  with  TLfiJB^Q^ 

A.  Bring  a  part  of  the  solution  {c)  to  the  boiling  point,  and  drop  in 

CaCl].    A  white  precipitate  instantly  soluble  in  HCl  =  Oxalate. 

B.  Bring  another  part  of  the  solution  {c)  to  the  boil,  and  drop  in 

Fe*aCl«,  avoiding  excess.     White  precipitate  soluble  in   HCl 
=  Phosphate,  or  Arseniate. 

Distinguish  by  adding  AgNOj  to  a  little  of  the  exactly  neu- 
tralized prepared  solution : — 

1.  Yellow  soluble  in  NH4HO,  and  also  in  HNOs  =  Phosphate. 

2.  Red         „  „  „  „      =  Arseniate. 

C.  To  a  third  part  of  the  solution  {c)  add  Pb2CjHjO,. 

Yellow  =  Chromate. 

Note  3. — (This  test  need  not  be  applied  unless  the  original  solution  was  distinctly 
yellow  or  orange.)  If  found,  the  original  solution  should  be  tested  for 
chromate  and  bichromate  by  acids  and  alkalies  which  change  their 
respective  colours  from  yellow  to  orange  and  vice  vend* 


Step  4.  Use  the  portion  of  the  solution  {d)  which  was  neutralized  by  HCl 
and  then  rendered  faintly  alkaline  with  NH4HO;  hut  do  not  take 
this  3tep  at  all  unless  the  substance  was  distinctly  blackened  by 
heat  during  the  preliminary  examination,  or  unless  the  presence 
of  boracic  acid  has  been  made  probable  by  the  flame  test. 

A,  To  a  portion  of  the  solution  {d)  perfectly  cold  add  CaCl^  in  excess, 

shake  well,  and  let  stand  for  a  short  time. 

1.  The  original  was  blackened.      If  no  oxalate  has  been  found, 

and  a  crystalline  white  precipitate  entirely  soluble  after  washing 
in  cold  KHO  is  formed  =  Tartrates. 

If  an  oxalate  has  been  already  found,  collect  the  precipitate 
on  a  filter,  wash  well  with  cold  water,  and  percolate  with  cold 
KHO.  Any  calcium  tartrate  present  will  dissolve  and  repreci- 
pitatc  on  boiling, 

2.  A  gelatinous  white  insoluble  in  cold  KHO  =  possibly  Borates. 

(Confirm  by  turmeric  test,  but  otherwise  disregard  it,  as  phos- 
phates and  arseniates  may  equally  precipitate  here.) 

B,  To  the  filtrate  from  (a)  (or,  if  no  tartrate  has  been  found,  to  the 

same  solution)  add  another  drop  or  two  of  NH4HO,  and  boil 
slowly  for  some  time.     A  white  precipitate  =  Citrate. 
(This  precipitate  should  be  insoluble  after  washing  in  KHO). 
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Step  6.  '  Use  portions  of  the  prepared  solution  (e)  which  was  exactly  neu- 
tralized. 

A.  Add  FcjCl^  (i)  Blue  precipitates  disregard,  already  found, 

(2)  Black,  or  bluish  black  =  Tannate  or  Gallate. 

(jo)  Add  to  the  original  solution  KHO,  Green 
gradually  becoming  brown  =  (Vallate.  Rapid- 
ly becoming  brown  =  Tannate.  (Also  apply 
gelatin  separation.) 

(3)  Red    colour,   discharged    by  HC1  =  Acetates    or 
Fyrogallates. 

(J?)  Add  KHO  to  original  solution,  Acetates, 
no  colour ;  Pyrogallates,  black. 
(Other  reds  not  discharged  by  HCl  to  be  disregarded.) 
{  (4)  Violet  colour  =  Carbolate,  Sulphocarbelate, 
alicylate. 

(Former  two  have  given  smell  of  carbolic  acid  in 
preliminary  examination,  and  the  latter  not). 
The  Sulphocarbelate  on  ignition  will  leave  a 
sulphate,  thus  distinguishing  it  from  carbo- 
late. 
(5)  Pinkish  precipitates  ^  Succinates  and  Benzoates. 
Distinguished  by  digestion  with  NH^HO,  filtra- 
tion, concentration  of  filtrate  and  supersaturation 
with  HCl ;  when  Benzoic  Acid  precipitates  in  fine 
feathery  crystals ;  while  Succinic  Acid  remains  in 
solution. 

Step  6.  Test  for  a  Nitrate  (if  not  abready  found  in  the  preliminary 
course)  by  adding  FeS04  ft&d  strong  H3SO4  and  getting  a  black 
ring. 

If  an  iodide  has  been  previously  found,  it  must  first  be  separated  by  digest- 
ing the  solution  with  Argentic  Sulphate  and  filtering  before  testing  for  the 
nitrate. 

A  rougher  method  is  to  introduce  some  starch  paste  and  to  acidulate  with 
HCl  and  finally  drop  in  some  sodium  sulphite,  which  reduces  the  nitric  to 
nitrous  acid  ;  and  this  latter,  acting  on  the  iodide,  will  liberate  iodine,  causing 
a  blue  if  any  nitrate  be  present  in  the  solution. 
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CHAPTER  VI. 


DETECTION   OF  ALKALOIDS, 


1.  Aniline  is  a  volatile  liquid,  becoming  brownish  by  exposure,  and  having  a 

peculiar  odour.     It  is  known  by  the  following  reactions  : — 

1.  Heated  with  solid  HgClg  forms  a  dark  mass,  soluble  in  alcohol  to  a 

magenta-coloured  solution. 

2.  CaCl2Ca2C10  produces  a  mauve. 

3.  Dissolved  in  sulphuric  acid  and  submitted  to  electrolysis,  the  liquid 

around  iht positive  electrode  becomes  blue,  violet,  and  finally  red. 

2.  Conia  {Conine)  is  a  volatile  liquid  with  the  odour  of  mice,  and  is  evolved 

when  anything  containing  it  is  heated  with  potassium  hydrate. 
It  gives  the  following  reactions  : — 

1.  HNO3  gives  a  blood-red  colour. 

2.  HgSO^  gives  a  purple  followed  by  an  olive-green  colour. 

3.  Albumen  in  solution  is  coagulated. 

4.  AuClg  gives  a  precipitate ;  but  not  PtCl^. 

3.  Nicotia  {Nicotine)  is  a  volatile  liquid  having  the  smell  of  tobacco.     It  ex- 

hibits the  following  reactions  : — 

1.  Albumen  in  solution  is  not  coagulated. 

2.  AUCI3  and  PtCl4  both  give  precipitates. 

4.  Cluinia  {Quinifie)  is  a  non-volatile  solid,  decomposible  by  heat.     It  is 

very  slightly  soluble  in  water,  but  freely  in  alcohol,  ether,  and 
chloroform. 

1.  Its  solutions  are  usually  fluorescent 

2.  Heated  in  a  dry  test-tube,  it  gives  a  violet-red  sublimate,  and  an 

odour  of  quinoline. 

3.  Chlorine  water  and  ammonium  hydrate  added  successively  produce 

a  green  colour  of  thalleiochin. 

4.  Dissolve  the  suspected  salt  in  water  by  the  aid  of  a  slight  excess  of 

dilute  sulphuric  acid ;  and  add  first  chlorine  water,  and  then 
ammonium  hydrate,  when  a  bright  green  colour  is  produced 
which  is  due  to  the  formation  of  a  body  called  thalleiochin, 

5.  To  a  similar  acid  solution  add  first  chlorine  water,  then  potassium 

ferrocyanide,  and  lastly  ammonium  hydrate,  when  a  red  colour 
is  produced  which  quickly  fades. 

6.  Strong  sulphuric  and  nitric  acids  are  practically  without  effect 

7.  Stannic  acid,  mercuric  chloride,  and   platinic  chloride,  all  cause 

precipitates  in  solutions  of  quinine :  the  first  being  yellowish- 
white,  the  second  white,  and  the  third  yellow. 


CINCHONINE— QUININE— MORPHIA. 


8.  \Vlien  dissolved  in  hydrochloric  acid  a  white  flocculont  {trecipitatfi  I 
is  produced  on  adding  sodium  hyposulphite.  According  to  I 
l-'ltickiger,  the  chlorine  and  ammonia  reactions  show  i  of  quinine  I 
in  5000 ;  but  if  bromine  vapour  be  used  instead  of  chlorine,  a  I 
perceptible  green  may  be  produced  in  solutions  containing  1 
TKunn  of  quinine.  I 

Detection  of  Cinclioiiiiie  in  Qainiiie. — Cinchonine,  einchonuline,  and  quuttdine  1 

sulphates  are  commonly  detected  in  quinine  sulphate  by  Liebig's  test  as  modi-  I 

lied  by  Mr.  Sloddart.     Take  lo  grains  of  quinine  and  add  to  it,  in  a  long,  1 

nanonr,  stoppered  buttle,   6o  minims  of  distilled  water,  acidulated  witli   lo  1 

inmims  of  B.P.  dihiie  sulphuric  add.    When  quite  dissolved,  add  40  minims  ] 

of  solution  of  sodium  hydrate  (1  part  to  iz  of  water),  and  then  150  minims  I 
of  pgre  ether,  with  which  3  minims  of  rectified  spirit  have  been  previously 

mixed.     Shake  the  whole  violently  for  some  minutes,  and  let  it  stand  for  J 

twelve  hours.     At  the  expiration  of  that  time,  examine  the  line  of  demar-  I 

cation  between  the  two  liquids  with  a  magnifying  glass.     Cinchonine  will  1 

appear^  a  layer  decidedly  crystalline,  while  quinidine  will  seem  like  a  stratum  I 

of  fine  dust,     'la  the  unassisted  eye  the  former  shows  as  a  cloud,  and  the  I 

Utter  as  an  oily-looking  layer.  1 

Students  should  train  their  eyes  to  the  practical  application  of  this  test  I 

Detection  of  AdnlteratioiiB  in  Uninine  Salts. — Quinine  sulphate,  being  so  I 
cosily,  is  liable  to  many  adulterations.  | 

(a)  Mineral  matters,  such  as  chalk  and  calcium  sulphate,  which  are  1 
detected  by  being  left  on  ignition.  1 

(/')  Star(h  and  /atly  mailers  (usually  stcarine),  detected  by  tUcir  1 
insolubility  in  water  acidulated  with  sulphuric  acid.  I 

(c)  CDmmort  sugar  blackens  when  a  little  of  the  suspected  salt  is  I 
treated  with  a  drop  of  strong  sulplinric  acid.  I 

(■/)    Salidne  reddens  under  similar  circumstances.  I 

(f)  Grape  or  ilarck  sugar  (glucose)  is  detected,  with  other  soluble  1 
adulterations,  in  a  solution  from  which  the  quinine  has  been  I 
precipitated  by  barium  hydrate,  and  then  the  excess  of  the  J 
latter  removed  by  passing  carbonic  anhydride,  I 

5.  Cinchonia  {chiehonine)  is  a  non-volatile  solid  destructible  by  heat     It  is  | 

very  slightly  soluble  in  water,  but  freely  in  alcohol  and  chloro-  I 

form.     It  is  insoluble  in  ether  (distinction  from  qutnia),  and  ] 

gives  the  following  reactions  : —  1 

t.  lis  salts  are  not  fluorescent.  1 

2.  Heated  in  a  dry  test-tube,  it  behaves  like  quinia, 

3.  It  yields    a  precipitate  with  ammonium    hydrate,  insoluble  when 

shaken  up  witn  ether. 

4.  Treated  >vith   chlorine  water  and  ammonium  hydrate,  it  yields  a 

white  deposit  instead  of  a  green  colour. 

5.  Shaken  up  with  potassium  fcrrocyanidc,  it  deposits  after  a  time  a 

yellow  precipitate. 

6.  Horphia  {morphitxt)  is  a  nonvolatile  solid,  destructible  by  heat.     It  Is 

soluble  in  water  and  alcohol,  but  not  in  ether  or  in  chloroform 
to  any  extent.     It  is  characterised  by  the  following  reactions  :— 
I.  Treated  on  a  watch-glass  with  a  drop  of  nitric  acid,  an  orange-red   . 
colour  is  produced,  which  is  decolorized  bjr  stannous  chloride  I 
01  sodium  hyposulphite.  J 
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'  2.  Treated  on  a  watch-glass  with  a  drop  of  neutral  solution  of  ferric 
chloride,  an  evanescent  blue  colour  is  produced.  Sulphuric 
acid  should  not  be  present. 

3.  Moistened  with  a  solution  of  one  part  of  iodic  acid  and  15  parts 

of  water,  iodine  is  liberated,  which  strikes  a  blue  colour  with  a 
weak  solution  of  starch.  This  reaction  must  not  be  viewed 
as  conclusive  in  itself,  as  several  other  substances  possess  the 
.  power  of  liberating  iodine.  According  to  Dr.  Duprd,  if  a 
stratum  of  very  dilute  ammonium  hydrate  be  carefully  poured 
upon  the  mixture,  a  distinct  brown  ring  will  be  produced  at  the 
point  of  contact  between  the  two  solutions,  which  is  not  the  case 
when  the  iodic  acid  is  reduced  by  albuminous  or  other  matters. 

4.  If  a  morphine  salt  be  dissolved  in  strong  sulphuric  acid,  and  a 

drop  of  water  added  to  heat  the  mixture,  the  subsequent 
addition  of  a  drop  of  nitric  acid  will  turn  the  liquid  red, 
changing  to  green,  and  finally  to  brown. 

5.  When  mixed  with  6  to  8  parts  of  sugar  and  a  drop  of  concentrated 

sulphuric  acid  added,  salts  of  morphine  exhibit  a  beautiful 
purple  colour,  changing  gradually  through  blue,  violet,  green, 
and  lastly  yellow.  Very  dilute  solutions  are  tp  be  first  satu- 
rated with  sugar,  the  acid  carefully  poured  in,  and  the  colour 
oLserved  where  the  liquids  meet.  Codeine  resembles  mor- 
phine in  this  reaction,  but  is  distinguished  by  being  readily 
taken  up  by  chloroform  from  a  solution  mixed  with  excess  of 
'  potassium  hydrate,  while  morphine  is  not  so  dissolved. 

6.  Chlorine  water  and  ammonium  hydrate  produce  a  red  coloration, 

changing  to  brown,  provided  the  solution  does  not  contain  less 
than  i-oViy  P^^^  o^  morphine. 

7.  It  is  precipitated  by,  but  redissolved  in  excess  of,  all  the  alkaline 

hydrates.  Its  only  certain  precipitant  being  sodium  hydrogen 
carbonate. 

8.  A  solution  made  alkaline  with  ammonium  hydrate  gives  a  grass- 

green  coloration  on  warming  with  ammonia-oxide  of  copper. 

7.  Codeia  {codeine)    resembles  morphia,  but  is  more  soluble  in    water  and 

ether. 

1.  It  is  precipitated  by  the  alkaline  hydrates,  very  readily  soluble  in 

excess  of  ammonium  hydrate,  but  insoluble  in  excess  of  potas- 
sium or  sodium  hydrates. 

2.  HNO3  produces  a  yellowish  tinge. 

8.  Narcotia  {riarcotine)  is  insoluble  in  water,  but  slightly  soluble  in  alcohol 

and  ether.  It  is  precipitated  by  potassium  hydrate,  insoluble 
in  excess. 

1.  Chlorine  water  and  ammonium  hydrate  gives  a  yellowish-red  liquid. 

2.  H2SO4  gives,  when  heated,  a  red  ;  intensified  by  adding  a  trace  of 

nitric  acid. 

3.  Boiled  with  HoSO^  (dilute)  and  MnOj,  and  filtered  hot^  the  solu- 

tion on  cooling  deposits  crystals  of  opianic  acid. 

9.  Narceia  {narceine)  is  soluble  in  water  and  glycerin,  less  so  in  alcohol,  and 

insoluble  in  ether  and  chloroform.     It  gives, — 

1.  With  dilute  HCl  a  blue  colour. 

2.  With  H3SO4  an  amber  changing  to  deep  red. 

10.  Meconia    {Meconine)   is    soluble   in    water,   glycerin,   and     chloroform. 
Heated  with  H3SO4,  it  becomes  first  emerald-green  and  then  purple. 


STRYCHNIA— VERATRI A— ATROFI A.  r4i 

1 1 .  Tbebaia  ( TAthaitK)  is  insoluble  in  alcohol,  ether,  and  chloroforcn.  Wiih 
sulphuric  acid  it  becomes  blood-red. 

I  a.  Papareruie  is  slightly  soluble  in  water,  but  lireely  in  boUtng  alcohol. 
Cold  sulphuric  acid  produces  no  colour,  but  on  heating  it  is  first  purple 
and  finally  red. 

13.  Strychnia  {Strychnine)  is  very  slightly  soluble  in  water  and  ordinary  alco- 
hol, but  soluble  in  boiling  rectified  spirit.  It  is  almost  insoluble  in  ether, 
but  freely  soluble  in  chloroform  and  in  amylic  alcohol. 

There  are  numerous  tests  for  strychnine,  but  the  following  is  the  chief,  and 
it  is  by  it  that  strychnine  is  detected. 

A  little  of  the  alkaloid  is  placed  on  a  watch^lass,  and  moistened  with  a 
drop  of  strong  sulphuric  acid,  which  dissolves  it,  without  affecting  it  in  any 
Other  way.  Another  drop  of  the  sulphuric  acid  is  then  placed  on  another 
part  of  the  watch-glass,  and  a  small  crystal  of  potassium  dichromate  is  placed 
in  it  As  soon  as  the  dichromate  communicates  a  colour  to  the  add,  the  two 
drops  are  caused  to  unite  by  drawing  them  together  with  a  glass  rod,  when  a 
magnificent,  but  evanescent,  violet  colour  is  immediately  produced. 

A  similar  effect  is  produced  by  using,  instead  of  the  dichromate,  K^FcjCyu. 
MnO{,  PbOj,  or  the  positive  electrode  of  a  galvanic  battery. 

(4.  Bracia  {Bmane)  is  soluble  in  water,  alcohol,  and  chloroform,  but  not   | 
in  ether.  ' 

^c  presence  ofbrucine  is  best  recognised  as  follows : — 

Strong  sulphuric  acid  turns  it  red,  yellow,  and  finally  green,  in    < 
rapid  succession.      Strychnine  does  not  prevent  the  occurrence 
of  this  or  the  following  reaction. 
I  a.  Nitric  acid  strikes  a  magnificent  red  colour,  which  is  altered  to 
violet  and  green  by  stannous  chloride.     This  latter  reaction 
serves  to  distinguish  it  from  the  morphine  red. 
[^  Potassium  iodide  gives  a  kcrmes-colourei)  reaction  in  a  solution  ol 
^B5  pari  of  brucine. 

irfttiu  ( Veratrine)  is  insoluble  in  water,  but  soluble  in  alcohol    and 
ether.      It  is  very  irritant,  and  the  smallest  trace  of  it  inhaled 
causes  violent  snee/.ing. 
I.  With  cold  HjSO,  it  is  not  much  affected  ;  but  wanned,  it  forma  a 
resinous  mass,  dissolving  to  a  deep-red  fluid. 
.  Witl]  strong  HCI  it  gives  no  colour ;  but  on  warming  becomes  deep 
red. 
I   3.  Chlorine  water  tinges  it  brown,  changing  fainter  on  adding  ammo- 
nium hydrate. 

&  {Atropine)  is  slightly  soluble  in  water,  but  freely  in  alcohol,  ether, 
and  chloroform.     Its  reactions  are  as  follows ; — 
t.  It  powerfully  dilates  the  pupil  of  the  eye. 
».  AuClj  produces  a  precipitate. 

3.  By  heating  with  strong  sulphuric  acid  till  it  turns  browiu  On  the 
addition  of  a  little  water,  a  powerful  odour  of  orange-flowers 
is  evolved. 

4.  By  boiling  with  potassium  dichromate  and  dilute  sulphuric  acid,  \ 
a  li<]iiid  is  produced,  which,  on  tlie  addition  of  excess  of  , 
potash,  gives  a  smell  of  herrings. 

5.  Phospho-molybdic  acid  yields   a   yellow    precipitate,  soluUe  jnj 
a  hydrate,  and  forming  a  blue  solution. 
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&.  A  most  characteristic  test  is  the  peculiar  aromatic  odour  petcdwd 
on  placing  atropine  on  a  few  crystals  of  chromic  anhydride— 
CrOj — in  a  porcelain  basin  and  applyjng  a  gentle  heat  till  the 
mixture  turns  green. 

17.  Beberia  {Beberinf)  is  soluble  in  acids,  forming  a  yellow  solution  which 
does  not  form  crystalline  salts.  It  is  precipitated  by  potassium  and  sodium 
hydrates,  and  is  freely  soluble  in  ether. 

Heated  with  H^SO^  and  potassium  dichromate,  it  fonns  a  black  reaiKRit 
mass. 

A  curious  characteristic  is,  that  by  friction  with  a  piece  of  silk  it  beconei 
electrical,  and  wiil  affect  a  galvanometer  and  attract  very  small  piecaof 
light  paper. 

18.  Aoonitia  [Aeonifine)  is  only  sparingly  soluble  in  water.     It  is  rccognisol 

as  follows  : — 
1,  By  its  causing  a  violet  colour  when  added  to  phosphoric  acid  which 
has  been  evaporated  over  the  water-bath  to  the  thickness  itf  a 

1.  When  aconitinc  is  stirred  up  with  concentrated  sulphuric  acidjtld 
a  drop  of  a  saturated  solution  of  sugar  is  added,  a  fine  roseA* 
is  produced,  changing  to  dirty  violet  and  brown.  There  is  » 
danger  of  this  test  being  mistaken  for  the  similar  reactions  wilh 
morphine  and  codeine ;  but  morphine  is  not  taken  up  by  ben- 
zene from  its  solution  in  the  presence  ot  excess  of  poiaisiun] 
hydrate,  while  aconitine  and  codeine  are  so  dissolved.  Agan. 
aconirine  is  sparingly  soluble  in  water,  codeine  dissolving  em^. 

3.  AuCl,  gives  a  precipitate,  but  PlCI^  does  not. 

4.  Strong  HjSO^  produces  first  a  yellow,  and  then  a  fawn-brown. 

19.  Delphinia  is  similar  to  aconitia  in  most  of  its  reactions,  but  in  addition 
gives  a  violet-red  with  strong  HjSO^  and  bromine  water. 

ao.  QtAzbitJUA  {Cokhicine)  is  soluble  in  water  and  closely  allied  to  vaatri*,  | 
but  does  not  cause  sneezing.  //  is  taken  up'by  ether  from  art  and  sok^*-  ! 
With  HNO3  it  gives  a  deep  violet.  ' 


ST8TEMATIC  COURSE  FOR  TEE  BETECTION  OF  A  SINGLE  OFFICIAl 

ALKALOID. 
All  the  reactions  obtained  must  be  nfienvards  confirmed  by  the  other  speeidtt^' 

1.  Place  a  little  of  the  alkaloid  on  a  porcelain  crucible  lid,  and  add  a  dn^ 

of  strong  sulphuric  acid, 
(a)  Immediate  bright-red  =  Sallcin   {although   not  an  alkaloid,  yet  ^ 

present  as  an  adulterant), 
[h)  On  heating  gently,  first  yellow,  then  orange,  and  finally  cheityw' 

=  Veratrift. 
(f)  Fawn-brown  colour,  possibly  Acowtia  (confirm  by  syrupy  H,POj; 

2.  If  the  H3SO,  gave  no  colour,  place  on  another  part  of  the  lid  a  minute 

crj'stal  of  potassium  dichromate,  add  to  it  a  drop  of  strong  sulpho"' 
acid,  and  draw  the  two  drops  together  with  a  rod. 

(rt)  Evanescent  blue-violet  =  Strychnia. 

^M^ta^j^og slightly  and  warming,  a  fi^rant  odour  =  Atropia. 


}.  To  3  fresh  portion  of  the  alkaloid  on  another  hd  add  a  drop  of  strong 
nitric  acid. 
(a)  Blood-red.  decolorized  by   wanning   and    adding   stannous  chloride 
=  Korpbta. 

{6)  Blood-red,    turned    violet   by  warming    and  adding  stannous  chloride 
=  Brucia. 
4.  Dissolve  in  water  by  the  aid  of  a  drop  01  dilute  hydrochloric  acid,  and  add 
some  chlorine  water,  and  then  ammonium  hydrate  in  excess. 

ia)  Green-coloured  solution  =  ftninia 
i)  Yellowish-white  precipitate  =Cmchoiiia. 

OOIJBSE  FOR  THE  DETECTION  OF  A  UIXED  SAUFLE  OF  ALKALOIDS. 

I.  Dissolve  in  water  by  t!ie  aid  of  a  drop  of  hydrochloric  acid,  and  shake  up 
with  elher. 
This  may  extract  colchicina  and  a  little  atropia.      Evaporate  off  the  ether, 
and  if  it  leave  a  residue,  test  it. 

ixcess  of  ammonium  hydrate,  shake  up  with  chloroform,  separate, 
and  evaporate  small  portions  of  the  chloroform  solution  to  dryness  at  a 
I  time,  and  apply  the  simple  table  already  given  lo  the  different  residues 
[  thus  obtained.  All  alkaloids  may  be  present,  except  morphia, 
lulate  the  liquid  which  has  been  shaken  with  chloroform,  with  acetic 
acid,  and  evaporate  it  to  a  low  bulk  at  a  very  gaillt  heat.  Add  excess 
saturated  solution  of  potassium  hydrogen  carbonate,  and  shake 
'ith  an  ethereal  solution  of  acetic  elher.  Evaporate  off  the  ether 
almost  spontaneously,  and  lest  the  residue,  if  an)',  for  morphia. 


CHAPTER    VII. 
TOXICOLOGICAL    ANALYSIS. 


This  subject  is  one  which  can  only  be  treated  in  a  comparatively  sh6rt 
manner  in  the  present  work,  as  a  full  notice  of  all  known  poisons  would  be 
beyond  its  scope.  As  good  general  examples,  however,  we  give  the  following 
processes  for  the  more  common  p>oisons. 

I.  Poisonous  Metallic  Salts.  Acidulate  a  portion  of  the  contents  of  the 
stom'ach  strongly  with  hydrochloric  acid,  place  the  whole  in  a  basin  over  the 
water-bath,  and  drop  in  crystals  of  potassium  chlorate  until  the  contents  of  the 
basin  are  entirely  decolorized.  Boil  up  with  the  addition  of  some  acidulated 
water  if  necessary,  and  filter,  and  use  this  solution  for  the  ordinary  separation 
course  for  metals,  taking  care  to  pass  the  sulphuretted  hydrogen  for  several 
hours. 

n.  Mineral  Acids  are  known  by  the  highly-corroded  appearance  of  the 
viscera  and  usually  strongly  acid  reaction  and  free  effervescence  with  sodium 
hydrogen  carbonate.  Warm  the  contents  of  the  stomach  with  water,  filter, 
and  test  for  the  acids. 

m.  Arsenic,  Antimony,  and  Mercury.  Reinsch's  Test. — This  process  is 
performed  as  follows.  The  suspected  liquid  is  acidulated  with  J  of  its  bulk 
of  pure  hydrochloric  acid,  boiled,  and  filtered.  The  filtrate  is  boiled  with 
some  fragments  of  bright  copper  foil,  when  a  coating  forms  on  the  copper. 
The  coated  copper  is  then  washed,  dried  carefully  at  a  gentle  heat,  cut  up 
into  small  fragments,  and  introduced  into  a  small  tube  of  hard  glass.  The 
mouth  of  the  tube  being  lightly  closed  with  the  finger,  the  end  containing  the 
.  copper  is  strongly  heated  in  the  Bunsen  or  blowpipe  flame.  Arsenic  sublimes 
as  a  white  crystalline  ring  of  arsenious  anhydride,  while  antimony  forms  an 
amorphous  sublimate  of  antimonious  oxide,  and  mercury  collects  as  a  minute 
mass  of  metallic  globules  which  can  be  caused  to  aggregate  by  rubbing  with  a 
glass  rod.  Should  the  sublimate  possess  the  characters  of  arsenious  anhydride 
the  tube  is  filled  with  distilled  water,  boiled,  and  the  solution  thus  obtained 
tested  with  argent-ammonium  nitrate  or  cupr-ammonium  sulphate.  If  the 
sublimate  be  amorphous  and  insoluble  in  water  it  is  dissolved  in  tartaric  acid, 
and  the  antimony  precipitated  from  the  solution  by  sulphuretted  hydrogen. 

IV.  Arsenic  and  Antimony  only.  Marsh's  Test. — A  gas  bottle  is  fitted  up 
with  a  funnel  tube  and  a  jet,  and  some  fragments  of  pure  zinc  are  introduced. 
Dilute  sulphuric  acid  is  poured  in  by  the  funnel,  and  when  the  air  has  been 
expelled  the  hydrogen  which  issues  from  the  jet  is  lighted,  and  a  piece  of  cold 
porcelain  is  held  in  the  flame.  If  no  stain  be  produced  on  the  porcelain, 
thus  indicating  that  the  reagents  are  perfectly  pure,  a  little  of  the  suspected 
fluid  is  added  through  the  funnel  tube,  and  after  the  lapse  of  a  minute  or  two 
the  cold  porcelain  is  again  held  in  the  flame.  If  either  arsenic  or  anti- 
mony be  present,  a  stain  will  now  be  formed  on  the  porcelain,  for  it  always 
must  be  remembered  that  both  antimony  and  arsenic  produce  the  same  re- 


ARSENIC— OXAUC  ACID—FiYDROCYAmC  ACID. 


Several  of  these  stains  having  been  procured,  they  are  treated  o 
ft  time  by  the  following  reagents ;— 


RZAUBSTS. 

AftSENIC  Staw. 

AsriMOMV  Staw. 

Solution  of  Calx  Chlorata 
Ammonium  Sutphydrate 
Bromine  Vapour     .     .     . 
Heat  (moderate)    .    .     . 

disappears 

very  slowly  affected 

becomes  yellow 

disappears 

not  affected. 

rapidly  dissolves, 

becomes  orange. 

renuuns. 

By  another  modification,  the  gas  bottle  is  made  to  commtinicacc  first  with 
a  bottle  containing  plumbic  acetate,  and  afterwards  with  one  coniaining  suiii- 
^On  of  argentic  nitrate.  The  arseniuretled  and  aniimoniuretled  hydrogen 
having  been  freed  by  the  lead  from  any  possible  contamination  of  sulphuretted 
hydrogen,  pass  into  the  argentic  nitrate,  in  jjresencc  of  which  the  former  is 
decomposed,  depositing  silver  and  forming  arsenious  acid  in  solution,  while 
the  latter  deposits  as  argentic  antimonide.  The  precipitate,  having  been 
removed  by  filtration,  is  examined  for  antimony  by  boiling  in  solution  of  Wr- 
taric  acid,  and  subsequent  treatment  with  sulphuretted  hydrogen ;  while  the 
filtrate,  on  exact  neutralization  with  dilute  ammonium  hydrate,  deposits  yellow 
ainentic  arsenite,  should  arsenic  be  present. 

T.  Arsenic  only.  Fleitmaun's  Test.— This  process  differs  from  Marsh's  inas- 
much as  the  nascent  hydrogen  required  to  convert  the  poison  into  arscniurcltcd 
hydrogen  is  evolved  by  beating  zinc  with  n  solution  of  potassium  hydrate.  A 
flasic  fitted  up  with  delivery  and  funnel  lubes  is  charged  with  the  zinc  and 
pota^ium  hydrate,  and  heat  being  applied,  the  gas  evolved  is  tested  by  ex- 
posing to  its  action  as  it  issues  from  the  delivery  tube  a  piece  of  white  fdtciing 
paper  moistened  with  a  solution  of  xrgcntic  nitrate.  Should  no  stain  be  pro- 
duced (indicating  purity  of  reagents)  a  little  of  the  suspected  liquid  is  intro- 
duced by  the  funnel  tube,  and  the  process  rcjteatcd,  when,  in  the  presence  of 
areenic.  a  dark  stain  will  form  on  llic  paper.  Further  conlimiation  is  obtained 
by  heating  the  middle  of  the  delivery  tube  to  retlness  with  a  small  spirit  or 
gas  flame,  when  the  arseniuretted  hydrogen  will  become  decomposed,  and 
deposit  a  mirror  of  arsenic  on  the  cold  part  of  the  tube.  This  mirror  may 
dien  be  examined  as  already  directed  for  such  stains.  Flcitmann's  process  ia 
not  applicable  to  antimony,  as  the  hydrogen  com|touDd  of  that  metal  ts  not 
)>Toduccd  ill  presence  of  .in  excess  of  alkalt, 

Tt  Oxalic  Acid.  Clarify  the  suspected  matter  by  boiling  with  water,  filter, 
and  add  plumbic  oxy-acctate  to  the  filtrate,  collect  the  preripiintc  on  a  filter, 
wakh  it,  beat  it  up  with  water,  pass  sulphuretted  hydrogen  through  the  mixture 
until  it  smells  freely  of  that  gas.  filter,  wash  the  precipitate  and  expel  the 
excess  of  the  sulphuretted  hydrogen  from  the  filtrate  by  boiling,  and  conccn- 
tiatc  on  the  water-bath  to  a  low  bulk.  The  lesu  for  an  oxalate  arc  then  to  be 
iried  upon  the  tlenr  !i(|iiid. 

TIL  Hydrocyanic  Acid.    This  poison  is  often  to  be  recognized  simply  by 
Ibe  &mell,  and  is  separated  by  taking  advantage  of  its  volatility.     The  usiud 
way  of  proceeding  is  to  put  some  of  the  suspected  liquid  into  a  llaik,  acidu- 
lated witn  sulphuric  acid,  and  having  inverted  a  watch-glass,  moistened  with   I 
the  test,  over  the  mouth  of  the  Hisk,  to  apply  a  gentle  heat,  when  tlic  vapoar  j 
lues,  and  is  absorbed  by  the  reagent  on  tlie  watch-gla&s. 

j\iiother  way  is  to  distil  the  liquid  with  sulphuric  acid,  and  having  coiw  I 
dvQScd  the  vajKiur  in  a  receiver  containitig  a  little  distilled  water,  lu  i>p]]If  J 
-ipriaie  tests  to  tlie  distillate. 
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These  tests  are  three  in  number.  ^^n 

1.  T/ie  Sihier  Test. — A  drop  of  a^entic  nitrate  exposed  to  the  vtptnr.w     I 
.  added  to  a  soJution,  o(  prussic  acid,  gives  a  curdy-white  precipitalc  -if  ^^A 

cyanide.  Tlic  predpitale  is  soluble  in  ammonium  hydrale  and  v.\ 
ing  nitric  acid,  but  not  in  dilute  nitric  acid  ;  nor  does  it  blaclLcn 
lo  the  light.  Dried  and  heated  it  darkens,  evolving  half  its  cyaji 
a  mixture  of  silver  and  argentic  paracyanide.  During  the  actiur^ 
is  observed,  and  a  bright  glow  seems  suddenly  to  pass  through  in 

2.  Tki  Iron  Test. — A  drop  of  solution  of  potassium  hydraU' 

.  the  action  of  the  vapour,  or  an. excess  is  mixed  with  the  soIul: 

a  mixture  of  a  ferrous  and  a  ferric  salt  is  added,  and  tlie  whuL  ^._,^.„.,...,  | 

with  hydrochloric  acid.     If  hydrocyanic  acid  be  present  Prussian  itiiu  «iUk  -g 

formed,  I 

3.  The  Sulphur  T(st.—.\  drop  of  yellow  ammonium   sulphydnts  h  a-  '" 
posed  to  the  vapour,  or  added  to  a  solution  of  hydrocyanic  .,  ' ' 

whole  evaporated  to  dryness  at  a  very  gentle  heat,  with  the  ad^li: 
of  ammonium  hydrate.     A  residue  is  dius  obtained  which  str[k<  ~ 
colour  with  ferric  chloride,  not  dischargeable  by  hydrochloric  aciil  ' 
bleached  by  solution  of  mercuric  chloride.     This  colour  is  due  to  iln:  fi'ntM- 
tion  of  ammonium  sulphocyanide  (which  takes  place  when  an  alkaline  siilphifc      I 
containing  excess  of  sulphur,  is  brought  into  contact  with  cyanogen)— 

VIII.  Strychnia.     The  common  method  of  examination  pursued  in  tun      ' 
of  poisoning  by  strychnine  is  that  of  Girdwood  and  Risers,     The  suspeorf      1 
matter  is  freely  acidulated  with  hydrochloric  acid,  evaporated  to  drjTiess.  ttd 
the  residue  thoroughly  exhausted  by  rectified  spirit.    This  solution  havioj      | 
been  once  more  evaporated,  the  residue  is  treated  with  water,  and  the  vWe      | 
again  filtered.     The  watery  acid  solution  thus  obtained  is  treated  wilhatligllt 
excess  of  ammonium  hydrate,  and  sliaken  up  with  chloroform  in  a  long  luBO*      | 
tube.     After  standing  at  rest,  as  much  as  possible  of  the  chlorof.iriii  ioIuli'Tfi 
of  strychnine  is  drawn  off,  without  disturbing  the  upper  aquecm-  I  '"' 

chloroform  having  been  driven  off  by  evaporation,  the  residue  1 
some  hours  on  the  water-bath  with  a  few  drops  oX  pure  strong  ^ 
which  chars  foreign  organic  matters  but  does  not  affect  the  str^t  ■  n 
mass,  having  been  exhausted  with  water  and  filtered,  is  once  more  tend:'^'^      , 
alkaline  by  ammonium  hydrale,  and  shaken  up  with  chloroform,  which,  OB 
evaporation,  will  generally  leave  a  residue  of  strychnine  sufficienily  purefc*     J 
testing.     Sometimes  it  is  necessary  to  repeat  the  digestion  with  sulphuric  *od      I 
and  subsequent  portions  of  the  process  before  a  residue  of  sufficient  pori^  IB 
obtained.     The  acid  used  must  be  perfectly  free  from  nitrous  compounds.  iD^  1 
should  be  tested  and  purified  if  necessary.     The  residue  is  sufficiently  pui^ 
for  testing  when  the  addition  of  a  drop  of  strong  sulphuric  acid  causes  aotil^ 
of  colour.     (See  tests  for  Strychnia,  page  148.) 

H.  Opitim.  The  research  in  cases  of  poisoning  by  opium  or  a  mnrpliine 
salt  is  best  conducted  as  follows.  The  suspected  matter,  having  been  cut  nji 
into  small  pieces,  is,  together  with  the  fluid  contents,  warmed  for  some  time 
with  alcohol  acidulated  with  acetic  acid,  and  filtered.  It  is  then  preci[ntated 
with  excess  of  plumbic  oxy-acetate.  The  precipitate  having  been  washed  and 
marked  A,  and  the  filtrate  having  been  marked  B,  are  then  examined  j 
lately  as  follows  : — 

1.  A  is  mixed  up  with  a  little  water,  and  sulphuretted  hydrogen  JS'j 
through  until  the  whole  is  decomposed.  The  resulting  black  1 
filtered  to  remove  plumbic  sulphide,  and  the  clear  solution,  having  been  'i  _  _ 
centrated  until  free  from  sulphuretted  hydrogen,  is  tested  with  a  dro[>  of  ferric 
chloride,  when  the  development  of  a  red  colour,  not  destroyed  by  diltftt 
hydrochloric  acid  or  by  solution  of  mercuric  chloride,  indicates  the  prcs 


asuea  ana 


teconlc  acid;  thus  leading  to  the  inference  that  the  poison  employed  was  a 
preparation  of  opium. 

a.  B  is  treated  with  sulphuretted  hydrogen  in  excess  and  the  precipitated 
plumbic  sulphide  is  removed  by  filtration.  The  solution,  having  been  evapo- 
rated  nearly  to  dryness  on  a  water-bath,  is  treated  with  a  few  drops  of  water 
and  lillered.  To  the  filtrate  is  added  an  excess  of  potassium  hydrogen  car- 
bonate, and  the  whole  is  placed  in  a  long  tube  and  shaken  up  with  an  ethereal 
solution  of  acetic  ether.  The  ether  solution  is  then  separated  by  a  pipette 
ttld  evaporated  nearly  to  dryness  at  a  very  gentle  heat,  and  finally  allowed  to 
Ay  spontaneously  under  a  desiccator.  The  residue  thus  obtained  is  tested 
for  Morphia.     (See  tests  for  Morphia,  page  148.) 

Z.  PoisonoiiB  Alkaloids  generally.     S/as's  proass  consists  essentially  in  : — 

I.  Heating  the  suspected  viscera  with  twice  their  weight  of  absolute  alcohol, 
lo  which  about  30  grains  of  pure  tartaric  acid  have  been  added  ;  filtering  when 
cold,  washing  with  absolute  alcohol,  and  evaporating  the  solution  in  vacug. 

a.  The  residue  thus  obtained  is  dissolved  in  the  smallest  possible  quantity 
of  water,  and  while  still  acid  is  shaken  up  in  a  tube  with  ether.  The  ethereal 
BOlntion  having  been  drawn  off  and  preserved  (see  Table,  infra)  the  remaining 
liquid  is  placed  in  a  basin  and  powdered  sodium  hydrogen  carbonate  added 
until  effervescence  ceases. 

3.  The  solution  thus  neutralized  is  again  transferred  to  the  tube  and  shaken 
1^  with  five  times  its  bulk  of  pure  ether,  and  when  all  has  settled  clear,  a  little 
of  the  ether  is  evaporated,  and  the  residue  examined,  to  ascertain  if  the  alkaloid 
be  fixed  or  volatile;  (i)  by  observing  if  it  be  in  oily  streaks,  and  {i)  by 
warming  very  gently  to  about  100°  F.,  and  ascertaining  whether  or  not  any 
faritaiing  fumes  are  driven  off,  in  which  case  it  is  volatile. 

Case  A. — The  alkaloid  is  apparmlly  volatile  and  fluid.  Some  strong 
solaiion  of  sodium  hydrate  is  added  to  the  contents  of  the  flask,  and  the 
irbole  having  been  again  shaken  and  allowed  to  settle,  the  ether  is  removed  by 
a  pipette,  and  the  process  of  shaking  repeated  several  times  with  fresh  ether. 
The  ethereal  solutions  having  been  united  are  shaken  with  a  little  dilute 
sulphuric  add  f  i  of  acid  to  4  of  water)  which  causes  the  alkaloid  to  become  a 
sulphate,  in  which  state  it  is  insoluble  in  ether,  and  consequently  passes  into 
die  water.  The  ether  having  been  poured  away,  the  acid  solution  is  Ireated 
once  more  with  excess  of  sodium  hydrate  and  ether  as  before,  and  the  ethereal 
■otntion  by  careful  spontaneous  evaporation  leaves  the  pure  alkaloid. 

Case  %.— The  alkaloid  is  fixed  and  solid.  The  contents  of  the  flask  are 
treated,  as  in  the  last  case,  with  sodium  hydrate  and  ether,  and  the  ethereal 
I  solution  evaporated.  A  little  alcohol  is  added  to  the  residue  to  dissolve  the 
alkaloid,  and  the  solution  thus  obtained  again  evaporated.  The  residue  is 
Aen  converted  into  sulphate,  and  dissolved  by  adding  a  little  water  slightly 
addulated  with  sulphuric  acid.  The  solution  thus  obtained  having  been  con- 
centrated in  vacuo  over  sulphuric  acid  to  three-fourths  of  its  bulk,  is  treated 
iwth  pure  potassium  carbonate  in  slight  excess  and  the  mixture  exiiausted  with 
absolute  alcohol,  which  on  evaporation  leaves  the  sdkaloid  in  a  pure  state. 

The  alkaloi 
by  I 


s  thus  obtained  may  be  then  separated  by  the  following  table 
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SONNENSCHEIN'S  PROCESS. 


The  complexity  of  Stag's  process,  and  the  facts  thai  (i)  conine  is  frequently 
lost  by  evaporation  with  the  ether,  and  (a)  that  morphine,  unless  treated 
instantly  and  rapidly,  refuses  to  dissolve  in  ether,  has  caused  the  proposition 
of  many  other  processes.    The  best  of  which,  as  well  as  ihe  most  modem,  is 
Sonuenscheui's  process,  which  depends  on  the  fact  that  all  ammoDia  deriva- 
tives are  more  or  less  easily  precipitated  by  sodium  phospho-molybdate  i 
solution  with  nitric  acid,  which  reagent   is  thus    prepared     A  solution  < 
ammonium  molybdale  in  water  acidulated  with  nitric  acid  is  precipitated  h 
sodium  phosphate.     The  resulting  yellow  precipitate,  having  been  washed,  u 
dissolved  by  heating  with  sodium  carbonate.     The  solution  is  evaporated  t 
dryness,  ignited,  moistened  with  a  little  nitric  acid,  and  again  ignited.     Ths-I 
residue  is  dissolved  in  ten  parts  of  water  strongly  acidulated  with  nitric  acid^  W 
and  kq>t  for  use  in  a  stoppered  and  capped  bottle  to  prevent  any  chance  a~ 
the  access  of  ammoniacal  vapours. 

The  whole  of  the  organic  matter  to  be  examined  is  repeatedly  exhausted  1 
with  very  dilute  hydrochloric  acid :  the  extract  is  evaporated  at  a  heat  of  J 
86'  F,  to  the  consistence  of  a  thin  syrup,  then  diluted,  and  left  for  some  hounT 
in  a  cool  place  before  filtration.  The  filtrate  is  precipitated  by  excess  of  thej 
above  reagent,  the  precipitate  collected  on  a  filter,  thoroughly  washed  with  I 
water  containing  the  reagent,  and  introduced  while  moist  into  a  flask.  Boriutnl 
hydrate  is  added,  to  a  distinctly  alkaline  reaction  ;  and  the  flask  having  beeDJ 
fitted  with  a  delivery-tube  which  is  connected  with  a  bulb  apparatus  contain- 1 
ing  hydrochloric  acid,  heat  is  gradually  applied,  when  the  volatile  alkaloids! 
distil  over,  and  are  collected  in  the  hydrochloric  acid.  The  residue  in  thel 
flask  (containing  the  fixed  alkaloids)  is  freed  from  excess  of  barium  hydraiel 
by  a  current  of  carbonic  anhydride,  carefully  evaporated  to  dryness,  and  I 
extracted  with  strong  alcohol.  On  evaporating  the  alcoholic  solution,  the  1 
alkaloids  are  commonly  obtained  in  a  state  of  such  giurity  that  they  vrill  at  I 
once  exhibit  their  characteristic  reactions  ;  occasionally,  however,  they  require  f 
to  be  further  purified  by  recty stall izalion  from  alcohol  or  elher. 


CHAPTER  VIII.  1 

f 

VOLUMETRIC  QUANTITATIVE  ANALYSIS. 


I.  GENERAL  PKDraPLES. 

In  performing  this  variety  of  quantitative  analysis  the  results  are  obtained  by 
finding  the  quantity  of  any  reagent  capable  of  producing  a  given  reaction. 
For  example,  supposing  we  take  the  equation, — 

AgNOg  +  NaCl  =  AgCl  +  NaNOg 

it  is  evident  that  one  molecular  weight  of  AgNOg  (170)  will  exactly  turn 
one  molecular  weight  of  NaCl  (58*5)  into  insoluble  argentic  chloride.  Ifi 
therefore,  to  a  solution  of  sodium  chloride  we  added  slowly  170  grains  of 
argentic  nitrate  dissolved  in  water,  and  the  precipitation  ceased  just  as  the 
last  drop  fell  in,  it  is  plain  that  we  must  have  had  exactly  58*  5  grains  of 
sodium  chloride  in  solution ;  or,  supposing  that  a  less  quantity  of  argentic 
nitrate  had  been  found  necessary  (say  10  grains),  then  the  amount  of  sodium 
chloride  present  would  be  found  by  simple  proportion,  thus — 

170  :  58-5  ::  10 
i.e.y ~  3*441  grains  NaCl  actually  present  in  the  solution. 

The  necessity  of  weighing  out  the  reagent  every  time  is  avoided  by  tlie  use 
of  what  are  called  standard  solutions,  that  is,  solutions  of  known  strength. 
These  are  usually  made  on  the  metrical  system  by  dissolving  a  certain  number 
of  grammes  in  one  litre  (1000  grammes)  of  water  ;  when,  however,  the  grain 
system  is  employed,  ten  times  the  quantity  of  both  reagent  and  water  are 
taken,  because  1000  grains  would  be  so  small  an  amount  of  solution  as  to  be 
not  worth  making.  Standard  solutions  receive  special  names  according  to 
their  strength,  as  follows  : — 

1.  A  normal  solution  contains  one  molecular  weight  in  grammes  dissolved 
in  one  litre  of  water,  or  ten  molecular  weights  in  grains  dissolved  in  10,000 
grains  of  water. 

2.  A  semi-normal  solution  contains  half  a  molecular  weight  in  grammes  dis- 
solved in  one  litre  of  water,  or  ten  times  the  amount  in  grains  dissolved  in 
10,000  grains  of  water. 

3.  Deci-normal  or  centi-normal  solutions  contain,  respectively,  -jV  or  -j^  of 
the  molecular  weight  in  grammes  in  a  litre,  or  ten  times  these  amounts  in 
grains  in  10,  coo  grains  of  water. 


II.  APPARATUS  USED. 

These  are  very  simple,  and  consist : — 
I.  Of  a  graduated  tube,  usually  constructed  to  contain  100  cubic  centimetres 
of  water  and  marked  at  each  cc,  pr  to  contain   1000  grains  of  water 
and  marked  at  each  10  grains,  this  latter  space  being  usuSly  called  a  tfst 


^^^^^V  STANDARD  SOLUTIONS.  );i  I 

Measure.  The  instninieat  is  called  a  burette,  and  is  supported  on  a  proper  1 
stand  and  provided  at  the  bottom  with  a  pinchcock,  by  pressing  which  the  I 
fluid  can  be  allowed  to  pass  out  rapidly  or  in  drops  at  will.  Tlic  burette  is  I 
provided  with  a  small  lube  which  just  fits  into  it  and  is  closed  al  both  ends,  I 
and  marked  by  a  line  running  round  the  middle.  Previously  to  aualiiig  tht;  1 
lop  end,  a  little  mercury  is  introduced,  so  as  to  weight  the  tube  and  cause  it  I 
to  float  upright  just  under  the  surface  of  water.  This  appliance  is  called  % 
Erdm&iui's  Float,  and  the  line  on  it  enables  the  reading  of  the  amount  of  I 
fluid  expended  from  the  burette  to  be  made  very  accurately.  I 

3.  or  a  long  tube  on  a  foot,  closed  with  a  glass  stopper  and  made  to  contaia  I 
I  litre  or  10,000  grains  of  water,  according  to  the  system  of  weight  fol-  I 
lowed  It  is  graduated  in  spaces  of  lo  c.c.  or  loo  grains,  and  is  tised  for  I 
mixing  the  solutions,  being  called  a  test  mixer.  ^ 

3.  Of  several  flasks  called  measttriag  flasks,  with  marks  on  their  necks,  hold-   ' 
ing,  when  filled  up  to  the^e  marks,  definite  volumes  of  water,  such  as  too 
cc.  or  1000  gr.iins. 

4-  Of  a  set  of  pipettes,  which  are  tubes  with  bulbs  near  the  middle,  drawn 
out  to  a  jet  at  the  lower  end,  and  so  constructed  as  to  deliver  fixed  quanti-  J 
ties  of  liquid,  such  as  10,  50,  or  loo  c.c,  or  100,  500,  or  1000  grains.  The  I 
distinction  between  the  use  of  the  meaisuring  flask  and  the  pipette  must  be  I 
steadily  kept  in  view — the  former  being  only  for  coHtainins  fixed  volumes,  I 
while  tile  latter  is  for  delivering  the  satn^  into  any  other  vessel.  I 

m.   PBEFASATION   OF  ,THE    STANDARD   SOLUTIONS.  I 

I.  Btudard  Solution  of  Oxalic  Acid.  This  is  a  semi-nnrmat  sohilion  made  I 
by  dissolving  63  grammes  of  cr)-stalli?eti  oxalic  acid — H^C^O,.  2 1 1^0 — in  one  I 
litre  of  distilled  water  at  60°,  or  6jo  grains  in  10,000  grains  of  water.  /\l-  I 
though  official,  it  is  in  many  ways  an  objectionable  solution,  notably  because  I 
it  is  so  nearly  saturated  that  in  cold  weather  the  oxalic  acid  will  refuse  lo  -I 
entirely  dissolve,  or,  if  dissolved  by  warming,  it  will  separate  out.  It  la  I 
therefore  preferable  to  make  the  solution  quadrt-normnl  \i.e.,  ^t'5  grunmcs  I 
per  litre),  and  then  to  tlivide  ibc  number  of  cubic  centimetres  used  by  two  ■ 
before  calculating.  In  practice,  most  analysis  prefer  to  use  a  sttuidonl  I 
solution  (semi-normal)  of  sulphurii;  acid  mstcad  of  the  above.  I 

One  C.C.  of  Oxalic  Acid  solution  contains  '063  gramme  pore  H,CjO,.2HjO.  I 
:.  Standard  Solution  of  Sodium  Hydrate.  This  is  normal,  and  contains  I 
40  gr.iinmes  per  litre  of  re.il  N.iHO  {or  400  grains  in  10,000  grains).  I 
As,  however,  sodium  hydrate  can  nev«F  be  obtained  absolutely  free  from  1 
moisture  and  impurities,  it  is  made  indirectly  as  follows : — The  ordinary  I 
liquor  se>da  of  the  shops  is  taken,  and  a  burette  is  filled  with  it.  too  ccof  1 
standard  solutioti  of  oxalic  acid  is  placed  in  a  beaker,  n  few  drops  of  ■ 
solution  of  litmus  added,  and  the  solution  is  run  in  from  the  burette  tmiil  J 
the  red  colour  is  just  changed  to  a  pale  puq>le-bluc.  The  number  of  cubic  1 
centinicircs  of  sodium  hydrate  solutirm  used  is  then  read  off  from  the  I 
burette,  and  Itn  times  this  amount  of  the  liquor  sodm  having  been  plaeai  in  thtm 
Ust  mixer,  distilled  water  is  added  till  (he  whole  meaittrts  one  litre.  If  tbaa 
process  has  been  carefully  conducted,  50  c.c.  of  this  solution  will  exactly! 
neutralize  30  c.c.  of  the  oxalic  acid  solution :  because  by  the  cqiuition  —     ^ 

H,CjO(.iH,0  +  iNaHO  =  Na,C(0,  +  4H1O 
we  sec  that   ii6  of  HaC,0(.iR,0  exactly  ncutrali2e&  80  of  MaHO,  and 
consequently — 

as  1 16  ;  So  ::  63  to  40  m 
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Therefore  i  ex.  of   normal  NaHO  is  exactly  neutralized  by   i  cc  of 
semi-normal  HgCgO^. 

One  cc.  of  Soda  Solution  contains  *04  pnre  KaHO. 

3.  Standard  Solution  of  Argentic  Nitrate.  This  is  deci-normal,  and  is  pre- 
pared by  dissolving  17  grammes  (AgN03=  170)  of  argentic  nitrate  in  one 
litre  of  distilled  water,  or  170  grains  in  10,000  grains.  It  should  be  kept 
in  the  dark. 

One  CO.  of  Silver  Solution  contains  '017  pure  AgNOg. 

4.  Standard  Solution  of  Iodine.  This  is  also  deci-normal,  and  is  prepared  by 
dissolving  127  grammes  (1=  127)  of  Iodine  in  about  400  cc.  of  distilled 
water  by  the  aid  of  18  grammes  of  potassium  iodide  and  then  making  up  to 
I  litre  with  distilled  water  (or  127  grains  in  10,000  grains  with  180  grains 
of  KI).  The  potassium  iodide  has  nothing  to  do  with  the  real  strength  of 
the  solution  ;  and  provided  sufficient  be  used  to  thoroughly  dissolve  all  the 
iodine,  the  quantity  is  quite  immaterial. 

One  cc.  of  Iodine  Solution  contains  '0127  pure  I. 

5.  Standard  Solution  of  Sodium  TMosulpliate  {Hyposulphite).  This  is  also 
deci-normal,  and  is  made  so  as  to  exactly  balance  the  iodine  solution.  It 
contains  2 4- 8  grammes  (or  248  grains)  of  NagSoOg-sHgO  in  one  litre  (or 
10,000  grains)  of  water.  As,  however,  the  commercial  salt  is  never  pure 
the  solution  has  to  be  made,  like  the  sodium  hydrate,  indirectly.  About 
28  grammes  of  commercial  sodium  hyposulphite  are  dissolved  in  a  litre  of 
water  and  a  burette  is  filled  with  the  resulting  liquid.  100  cc.  of  standard 
solution  of  iodine  are  then  placed  in  a  beaker,  and  the  solution  from  the 
burette  is  added  slowly  until  the  colour  begins  to  lighten.  A  few  drops  of 
mucilage  of  starch  are  then  stirred  in  and  the  cautious  addition  of  the 
hyposulphite  continued  until  the  blue  colour  is  just  discharged.  The 
number  of  cubic  centimetres  used  is  then  read  off,  and  ten  times  this  amount 
having  been  placed  in  the  test  mixer,  water  is  added  till  the  whole  measures 
one  litre.     If  the  process  has  been  carefully  done,  the  equation — 

2Na2S20g.5HoO  +  13  =  2NaI  +  NaoS^g  +  SHgO. 

proves  that  248  of  real  sodium  thiosulphite  decolorizes  127  of  Iodine,  and 
therefore,  127  of  I  represents  24*8  of  NagSoOg.  If,  therefore,  the  solution 
is  correct,  it  vnW  decolorize  the  iodine  solution  exactly  cc.  to  C.c. 

One  c.c.  of  Hypo-sulphite  Solution  represents  '0127  pure  L 

6.  Standard  Solution  of  Potassium  Dichromate.  This  is  viginti-normal,  and 
is  made  by  dissolving  1475  grammes  of  KgCrgOy  in  one  litre  of  water  (or 
147*5  grains  in  10,000  grains).  It  should  be  carefully  checked  as  described 
further  on.     (See  estimation  of  Fe.) 

One  cc.  of  IKchromate  Solution  contains  '01475  pure  'K^Qxjd^j. 

IV.  CALCULATION  OP  RESULTS. 

After  the  process  is  complete,  the  results  may  be  calculated  in  two  ways,  either 
by  full  calculation  or  by  the  use  of  equivalents. 

A.  The  full  calculation  is  conducted  as  follows  : — 

1.  Multiply  the  number  of  c.c  used  by  the  strength  of  the  standard 

solution  in  each  cc.  =  {a). 

2.  Draw  the  equation  for  the  reaction,  and  by  simple  proportion  calcu- 

late (a)  from  what  it  is,  to  what  you  want  to  know  =  (^). 


CALCULATION  OF  RESULTS. 


153 


I  3.  Multiply  {b)  hy  100,  and  divide  by  the  quantity  weighed  out  for 
analysis,  and  the  answer  (x)  will  give  the  percentage  of  the  real 
article  present  in  the  sample, 
mple,  let  us  suppose  that  we  took  4  grammes  of  commercial  toda 
o  ascertain  how  much  real  NaHO  it  contained.  On  finishing  the 
T  process,  we  found  that  we  used  90  cubic  centimetres  of  oxalic  acid 
n, 
■90  X  -063  =  567  solid  oxalic  acid  actually  added. 
,  HjCjO^aHjO  +  zNaHO  =  NagCsOt  +  4HjO. 
Therefore  as — 


HgCp.iH.O  :  iNaHO  1 


■5-67 
5-67 


— i-"*  — £.  =  3'6o  real  NaHO  in  the  amount  taken  for  analysis. 


la-.sjfioj 


126 


per  cent  real  NaHO  in  the  sample  of  commercial 

soda  iauilUa  analysed. 

Ib  short  method  by  equivalents.     The  term  equivalent  is  used  in  volu- 

':  analysis  to  represent  the  amount  by  weight  of  any  body  which 

iponds  to  a  given  amount  of  the  reagent,  as  shown  by  the  equation. 

I,  talcing  the  same  case  as  already  illustrated,  the  equation — 

HjCjO.iHjO  +  aNaHO  =  NajCjO^  +  4H3O 
S  that  126  (or  t  molecule)  of  oxalic  acid  requires  80  (or  z  molecules) 
iium  hydrate  for  complete  neutralization.  But  our  standard  .solution 
£id  is  semi-normal,  and  consequently  contains  only  half  a  molecule  per 
J  and  therefore  it  would  only  neutrali^e  one  molecule  of  NaHO,  be- 
as  1 36  :  80  ::  63  to  40. 
mmes  of  oxalic  acid  used  in  any  analysis  will  therefore  represent 
mes  of  real  NaHO.  Taking  now  the  following  scale  of  strengths  : — 
.  (i  litre)  of  oxalic  acid  contains  63  and  represents  40  ofNaHO 
do.  do.  6 '3  do.  40         do. 

do.  do.  '63  do.  -40       do. 

do.  do.  '063  do.  '04       do. 

frequivalent  of  NaHO  in  volumetric  analysis  by  oxalic  acid  is,  therefore*' 
ramme  for  each  c.c.  of  acid  used. 

e  then  follows :— Note  the  number  of  cc.  used,  and  simply  multiply 
Rl^  the  equivalent  value  for  1  c.c.  of  the  substance  analysed.     Thus,  in 
mple  already  studied,  4  grammes  of  soda  caustica  to  go  c.c.  of  oxalic 
i  therefore^ 

3-60  amount  of  real  NaHO  in  the  4  grammes  of  soda  caustica, 

=  90  per  cent,  real  NaHO  in  the  sample. 

file  full  carrying  out  of  this  simple  method,  it  is  necessary  to  commit 
jf  the  equivalent  values  as  heteafier  given  for  each  analysis. 

V.   ESTIUATION  OF  ALKALINE  ETDRATSS. 
mvenienl  quantity  having  been   weighed  out  (taking   care   that   the 
It  used  cannot  require  more  than  100  c.c.  of  the  reagent)  is  diluted,  if  a 
E  or  dissolved,  if  a  solid,  and  a  few  drops  of  solution  of  litmus  are  added. 
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The  beaker  containing  this  liquid  is  then  brought  under  the  burette  containing 
the*  standard  oxalic  acid,  and  the  latter  is  run  in  until  the  blue  colour  changes 
to  reddish  purple.     The  number  of  ex.  used  is  then  read  off  from  the  burette 
and  calculated^ 
The  proper  amounts  to  take  for  analysis  are  thus  given  in  the  B.P.  : — 

Liquor  ammoniae 8*5 


]) 


» 


grammes 
fort. 
Liquor  calcis 

„  „       sacchar. 

Liquor  potassae  . 

„      sodse 
Potassa  caustica . 
Soda  caustica 

The  equivalent  values  of  the  alkalies  for  i  c.c.  of  acid  are  as  foil 

ICC.  of  oxalic  acid  solution  represents  .         '017  NH3 

I  c.c.         do.       „        do.            „  .        .  "      '028  CaO 

I  c.c.         do.       „        do.            „    s  .         '056  KHO 

I  c.c.         do.       „        do.            „  .         .         '040  NaHO 


5*23 
438-00 

46*02 

46*29 

45-80 

560 

4*oo 


ows  : — 


VI.   ESTIMATION  OF   ALKALINE  CAEBONATES. 

Owing  to  the  fact  that  the  liberation  of  carbonic  acid  during  the  neutraliza- 
tion of  a  carbonate  communicates  a  spurious  acidity,  and  turns  the  litmus  red 
before  the  proper  point,  it  is  necessary  in  this  case  to  proceed  as  follows  : — 
Weigh  out  and  dissolve  the  carbonate,  then  add  the  litmus,  and  run  in  from  a 
burette  a  considerable  excess  of  oxalic  acid,  carefully  noting  the  amount  used. 
Boil  the  liquid  in  the  beaker  for  some  minutes,  and  see  that  it  retains  its  red 
colour  after  boiling,  because,  if  it  does  not,  excess  of  acid  has  not  been  added. 
Now  bring  the  whole  under  another  burette  charged  with  standard  solution  of 
sodium  hydrate,  and  carefully  add  it  until  the  liquid  changes  pale  violet. 
Note  the  number  of  c.c.  used,  and  deduct  it  from  the  total  acid  first  added, 
when  the  difference  will  represent  the  true  number  of  c.c.  of  standard  acid 
used  in  neutralizing  the  carbonate,  which  is  then  to  be  calculated  as  usual. 

The  proper  quantities  of  the  B.P.  carbonates  to  be  taken  for  analysis  are  : — 

Ammoniae  carbonas 


Potassae  carbonas 

„      bicarbonas 
Soda^  carbonas 
bicarbonas 


» 


5  '9  grammes. 
8-3 

143 
8-4 


>> 


»> 


» 


The  equivalent  values  of  the  alkaline  carbonates  for  each  c.c.  of  acid  are 
as  follows  : — 

c.c.  of  standard  oxalic  acid  represents  .     -059  N4Hi^C30f, 


I  C.C. 

I  c.c. 

I  C.C. 
I  C.C. 


do. 
do. 
do. 
do. 


>> 


)> 


>» 


>> 


do. 
do. 
do. 
do. 


>> 


» 


»j 


-143  NaoCOsioHoO 
-084  NaHCbs 
069  K.2CO., 
-100  KHCO, 


By  using  solution  of  cochineal  as  an  indicator  instead  of  litmus,  the  alkaline 
carbonates  may  be  liberated  directly  just  like  the  hydrates,  as  the  presence  of 
free  COo  does  not  affect  the  colour  of  cochineal. 

Vn.  ESTIMATION  OF  ORGANIC  SALTS  OF  POTASSIUM  AND  SODIUM. 

A  weighed  quantity  of  the  substance  is  ignited  in  a  small  platinum  crucible 
until  fumes  cease,  by  which  it  is  reduced  to  the  carbonate  mixed  with  finely- 
divided  carbon.     The  residue  is  dissolved  in  warm  water,  and  a  little  litmus 
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having  been  added,  it  is  treated  with  excess  of  standard  oxalic  acid,  boiled, 
and  checked  back  by  standard  sodium  hydrate  exactly  as  already  described 
for  the  analysis  of  alkaline  carbonates. 

Convenient  quantities  to  take,  according  to  the  B.P.,  are  : — 

Potassae  tartras 1 1  '30  grammes 

„            „       acida          .         .        .         i^'8o 
Soda  tartarata 14*10 

The  equivalent  values  of  the  salts  for  each  cc.  of  oxalic  acid  solution  are 
as  follows : —  * 

I  cc  of  standard  oxalic  acid  represents      .  '113  K2C4H40g 

I  cc  do.  do.  .  *094  KHC4H40(j 

I  cc  do.  do.  .  '141  KNaC4H40g4H20 


» 


?> 


VIII  ESTIMATION  OF  SALTS  OF  LEAD. 

This  is  also  conducted  by  means  of  standard  oxalic  acid,  which  is  simply 
carefully  run  in  until  the  precipitation  of  plumbic  oxalate  ceases. 
Convenient  quantities  are  : — 

Plumbi  acetas 3-80  grammes 

Liquor  plumbi  subacetatis     .         .         .       41*33        91 

The  equivalent  values  for  each  cc  of  standard  oxalic  acid  are  : — 

I  cc.  of  standard  oxalic  acid  represents     .     '1855  Pb2CjH3023H20 
I  cc  do.  do.  .      137  Pb.202CaH30i 

The  oxalic  acid  solution  is  also  used  to  take  the  alkalinity  of  borax  and  the 
strength  of  the  effervescing  liquors  of  potash  and  soda.  The  following  are 
the  empirical  strengths  they  should  exhibit : — 

i9'io  grammes  of  borax  should  take  100  cc  oxalic  acid 

438*0  „  liq.  potass,  effervesc.  „  15  cc.         „ 

438*0  „  liq.  sodse  effervesc.  „  178  cc.       „ 


IX.  ESTIMATION  OF  FBEE  AaDS. 

This  is  performed  by  simply  adding  a  few  drops  of  solution  of  litmus,  and 
running  in  standard  solution  of  sodium  hydrate  until  the  red  colour  just  changes 
to  pale  violet,  then  noting  the  number  of  cc  used,  and  calculating. 

The  following  are  the  quantities  ordered  to  be  taken  for  analysis  by  the  B.P. 


Acetum 

4454  grammes 

Acid.  Acetic.     . 

18-20 

„        „      dil. 

44-00 

,,     .  „      glacial    . 

600 

„     Citric 

7-00 

„     Hydrochloric   . 

11-48 

,.              „            dil. 

34-50 

„     Nitric 

9-00 

„         ,,     dil. 

36*13 

„     Nitro-hydrochlor.  dil 

•               « 

35*24 

„     Sulphuric 

5 '06         „ 

„         „          aroroat 

3042         „ 

„        „          dil. 

35 '90 

„    Tartaric 

750 

156  VOLUMETRIC  QUANTITATIVE  ANALYSIS. 

The  equivalent  values  of  the  respective  acids  for  i  cc  of  the  sodiom 
hydrate  solution  are  as  follows  : — 

Acetic  acid '060  HC2H3OJ 


Acetic  acid  (anhydrous) 
Citric  acid 
Hydrochloric  acid 
Nitric  acid 

Nitric  acid  (anhydrous) 
Sulphuric  acid     . 
Sulphuric  acid  (anhydrous) 
Tartaric  acid 


•05 1  C^Ufi^ 

•070  HgCgHgOyHjO 

•0365  HCl 

•063  HNOj 

•054  N.Og 

•049  HgS04 

•040  S08 

•075  HAH^O. 


X.  ESTIMATION  OF  HYDROCYANIC  ACID. 

A  suitable  quantity  of  the  sample  (27  grammes)  is  weighed  out,  and  ren- 
dered distinctly  alkaline  with  the  liquor  soda.  It  is  then  brought  under  the 
burette  containing  the  standard  solution  of  argentic  nitrate,  and  the  latter  is 
cautiously  run  in  with  constant  stu-ring,  until  a  faint,  permanent,  white  cloud 
is  produced  in  the  liquid. 

When  the  silver  solution  is  first  added  to  the  cyanide  no  precipitate  is 
produced,  owing  to  the  formation  of  a  soluble  double  cyanide  of  silver  and 
sodium  : 

2NaCy  +  AgNO,  =  AgCyNaCy  +  NaNO,. 

On  continuing  to  add  the  silver,  a  time  arrives  when,  the  double  compound 
having  been  fully  formed,  it  is  in  turn  decomposed  by  excess  of  silver,  and  a 
white  cloud  of  argentic  cyanide  is  produced. 

AgCyNaCy  +  AgNOj  =  2  AgCy  +  NaNO,. 

At  the  moment,  therefore,  when  the  precipitate  appears,  sufficient  silver  has 
been  added  to  combine  with  one  half  of  the  cyanogen  present  in  the  sample^  as 
is  shown  by  the  formula  AgCyNaCy.  It  now  only  remains  to  read  off  the 
number  of  cc.  of  silver  used,  and  apply  the  calculation  : — 

i-I— ! — — y  =  HCN  present  in  the  amount  taken  for  analysis. 
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Or,  by  the  short  method,  the  number  of  cc.  of  silver  solution  used  is  multi- 
plied by  the  equivalent  value  in  HCN,  which  is  '0054. 

ESTIMATION  OF  CHLORIDES,  BROMIDES,  AND  IODIDES 

The  chloride  is  weighed  out,  dissolved  in  water,  and  placed  in  a  beaker  over 
a  sheet  of  white  paper,  and  brought  under  the  burette  charged  with  the  stan- 
dard solution  of  argentic  nitrate.  Two  drops  of  a  solution  of  potassium 
chromate  are  then  added,  and  the  silver  solution  is  very  carefully  run  in,  with 
constant  stirring,  until  the  solution  in  the  beaker  just  changes  from  yellow  to 
red.  This  indicates  that  all  the  chloride  has  been  precipitated  as  argentic 
chloride.  The  red-coloured  argentic  chromate  will  not  form  until  all  the 
chlorides  have  been  removed ;  but  whenever  this  is  attained,  the  least  excess  of 
silver  solution  turns  the  chromate  red.  Each  cc  of  decinormal  silver  solu- 
tion used  will  indicate  '003  5  5  of  chlorine. 

Bromides  and  iodides  may  be  treated  in  the  same  way,  or  the  silver 
solution  may  simply  be  added  with  constant  stirring  till  precipitation  ceases. 
The  B.P.  only  values  potassium  bromides  by  this  process,  and  directs  the  use 
of  I  gramme,  which  should  take  84  cc.  The  equivalents  for  i  cc  of  silver 
solution  are  'ooS  Br.  and  '0127  I. 
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^Hkn.  ESTIUATIOH  OF  COUMEBCIAI,  ASSEITIATE:  OF  SODA. 
H|B  some  of  the  comniercial  sail  at  a  temperature  of  300°  Fah.,  when  it 
BHUla  lose  40*38  per  cenL  of  its  weight.     Take  one  gramme  of  the  dried 
|resi(iue,  dissolve  it  in  water,  and  add  5-3  cubic  centimetres  of  standard  solution 
'lOfsodium  hydrate.    Into  this  prepared  liquid  run,  from  a  burette,  the  standard 

solution  of  argentic  nitrate,  until  the  brick- red  precipitate  of  argentic  arseniale 
i  ceases  to  form. 

|l  With  regard  to  the  volumetric  test  mentioned  above,  the  reason  for  adding 
i|SQdium  hydrate  solution  previously  to  running  in  the  argentic  nitrate,  is  to 
jl«isure  the  precipitation  of  triargentic  aiseniate  without  any  acid  being  set 
Ifree,  as  would  otherwise  happen.  It  is  necessary  to  secure  the  non-liberation 
Jof  acid,  because  it  would  dissolve  the  ai^'cnlic  salt.    With  sodium  hydrate  the 

reaction  is— 

!  Na^HAsO,  ^  jAgNO,  -f-  NaHO  =  Ag^AsO,  -1-  sNaNO,  -t-  H,0 ; 

iwbidi     shows     that     3AgNO,{5io)    represents    NajHAsO,   (1S6)      or 

;N«JHAs0.7H,0  (313)  orNa,H.\sO,i2H,0  (402). 

I      The  nunihet  of  c.c.  of  silver  used  should  therefore  be  multiplied  by  the 

eipiivaleat  value  of  Na,HAsO,  =  0062, 

Zin.  ESTIHATION  OF  ARSENIOITS  ACID. 
This  is  performed  by  the  standard  iodine  solution,  which  acts  as  an  indirect 
eniduer,  the  following  reaction  occurring  1 — 

AsjOj  +  5H,0  +  2l,=  2H,AsO,  +  4HI. 
"Dius  it  is  plain  that  one  molecular  weight  of  arsenious  acid  represents  four 
atomic  weights  of  iodine  ;  and  therefore  the  calculation  will  require  that  the 
number  of  grain-measures  of  volumetric  solution  of  iodine  used  be  multiplied 
by  ^o\3^  and  198  fthe  molecular  weight  of  As,0,)3nd  divided  by  508  (four 
'Umes  the  atomic  weight,  127,  of  iodine). 

The  mode  of  estimation  is  very  simple.  Four  decigrammes  of  arsenious 
BOliydride  are  rubbed  with  about  eight  decigrammes  of  sodium  hydrogen 
'Carbonate  and  a  few  drops  of  water  in  a  beaker.  The  mixture  is  heated  for  a 
I  feflf  minutes,  and,  an  ounce  or  more  of  water  having  been  added,  the  whole  is 
iboUed  until  complete  solution  is  effected.  The  solution  is  allowed  to  become 
'perfectly  reduced  to  the  ordinary  atmospheric  temperature,  a  little  starch 
liposte  is  added,  and  the  iodine  solution  is  run  in  until  a  slight  permanent  blue 
.,COlout  is  produced.      The  number  of  c.c.  of  iodine  used  is  read  off,  and  the 

! calculation  made  as  follows  : — 
(Wo.  ofcc.  usedx  -01 J7)  K  198  _  (■  amount  of  As,0,  in  the  4  decigrammes 
508  (.  taken. 

Or  Boore  simply  by  multiplying  the  number  of  c.c.  used  by  '00495,  which  is 
ihe  amount  of  As,0,  equivalent  to  i  c.c  of  the  iodine  solution.  44- 1 5  grammes 
of  liquor  arsenicalis  and  liquor  arsenici  hydrochloric!   thus  treated  should 
ictively  take  8o*8  and  Sro  c.c.  of  iodine  solution, 

ZIV.  ESTIMATION  OF  3ULPHDB0DS  ACID. 

B  sulphurous  acid  is  treated  wiih  iodine  in  the  presence  of  water,  it 
s  the  latter,  forming  sulphuric  acid  and  hydriodic  acid  : — 
H,SO,+  I.-t-  H,0  =  2HI  +  H5SO4, 
fi.P.  therefore  uses  standard  solution  of  iodine  for  ascertaining,  volu- 
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metrically,  the  strength  of  sulphurous  acid,  by  adding  it  to  a  weighed  quantity 
(3*47  grammes)  of  sulphurous  acid,  mixed  with  a  little  starch  paste,  until  a 
permanent  blue  colour  is  produced  (showing  the  presence  of  undecomposed 
iodine).     The  following  calculation  is  then  employed  : — 

(No.  of  C.C.  used  x  -0127)  x  82  _  J  amount  of  HjSOa  in  weight  of  sample 
254  (  taken. 

(CC  used  X  -0127)  X  64         _  ^     c  c^r\    '  •    1-^  ^  1 

^ *^ -!^  =  amount  of  SO,  m  weight  taken. 

254  ^ 

Or  the  number  of  c.c.  used  may  be  multiplied  by  '0032,  which  is  the  equiva- 
lent value  of  SOa  for  i  c.c.  of  iodine  solution. 

ZV.  ESTIMATION  OF  AVAILABLE  CHLORIKE 

Is  conducted  in  calx  chlorata  by  the  use  of  the  standard  solution  of  sodium 
hyposulphite.  Weigh  out  10  grammes  of  the  sample  of  calx  chlorata^  and 
having  rubbed  it  in  a  glass  mortar  with  a  little  distilled  water  to  a  creamy  con- 
sistence, wash  the  whole  carefully  into  a  large  stoppered  bottle  or  flask,  and 
make  up  with  water  to  one  litre.  Shake  well  for  some  time,  and  set  it  aside 
to  settle.  When  clear,  draw  off  with  a  graduated  pipe  the  100  c.c  for  analy- 
sis, into  a  clean  beaker.  Thus  you  have  -^  of  the  whole  soluble  and  active 
portion  of  10  grammes  ( =  i  gramme)  in  the  beaker.  To  this  add  3  grammes 
of  potassium  iodide,  and  acidulate  with  10  c.c  of  hydrochloric  acid,  adding  a 
few  drops  of  starch  paste. 

The  hydrochloric  acid  acts  on  the  chlorinated  lime  to  liberate  the  available 
chlorine. 

CaClaCa2C10  +  4HCI  =  2CaCla  +  CI,  +  2H,0. 

The  chlorine  then  displaces  an  equivalent  amount  of  iodine  — 

2KI  +  C1,=  2KC1  +  I„ 

which  instantly  strikes  a  blue  with  the  starch  paste.  The  blue  liquid  is  now 
to  be  brought  under  a  burette  charged  with  the  standard  hyposulphite  of  soda 
solution,  which  is  to  be  carefully  run  in,  until  the  colour  is  just  discharged. 
This  occurs  by  the  formation  of  sodium  iodide  and  sodium  tetra-thionate  : — 

2Na,S30,  + 1,  =  2NaI  +  Na^40,. 

As  the  hyposulphite  solution  represents  '0127  of  iodine  to  each  cc,  it 
follows  that,  127  of  I  having  been  displaced  by  35*5  of  chlorine,  nothing 
remains  to  be  done  but  simply  to  multiply  the  number  of  c.c.  of  h)rposulphite 
used  by  '00355  the  equivalent  value  in  CI  for  each  c.c. 

By  the  same  process  : — 

6  grammes  of  liquor  calc.  chloratae  should  take  50  c.c.  hyposulphite. 

7  »  »>        sodae      „  „        „     50  c.c. 
43*9       „             „        chlori  should  take    .     .     75  c.c. 

Good  samples  of  calx  chlorata  should  show  33  per  cent,  of  available  chlorine ; 
but  the  B.P.  considers  it  saleable  so  long  as  it  shows  30  per  cent. 

XYI.  ESTIMATION  OF  FERROUS  SALTS  ^ 

Is  performed  by  means  of  the  standard  solution  of  potassium  dichromate,  which 
is  a  powerful  direct  oxidizer,  and  in  presence  of  excess  of  acid  raises  iron  from 
the  ferrous  to  the  ferric  state.  One  molecule  of  this  salt  has  the  power  in  this 
manner  to  convert  six  atoms  of  ferrous  iron.  Thus  with  ferrous  chloride  and 
hydrochloric  acid : — 

6FeCl2  +  14HCI  +  KgCr^Oy  -  3Fe2Cle  +  Cr^Cle  +  2KCI  +  l^O. 


if 


^COSE— LACTOSE, 

ii^Jhate  and  sulphuric  acid ; — 

B  Standard  solution  being  made,  as  already  shown,  by  dissolving  ^  of  a 

mIrt  weighl  (=  1475  grammes)  in  one  litre  of  water,  each  c,c.  iherefore    1 

his  '01475  gramnies  of  potassium  dichromate,  and  is  equal  to  ■0168 

tties  of  iron  (5L  of  6Fe). 

fe  process  is  conducted  as  follows  :  Four  ounces  of  water  are  introduced 
tio-ounce  basin,  placed  over  a  lamp,  and  half  an  ounce  of  strong  hydro- 

C  acid  is  added.     When  the  whole  is  hot  (not  boiling),  a  weighed  quan- 

C  the  iron  compound  is  introduced,  and  as  soon  as  it  is  dissolved  the 
.ate  solution  is  run  in,  with  constant  stirring,  until  a  drop  taken  from 
n  on  the  end  of  the  sliiring-rod  fails 'to  produce  a  blue  colour  when 
d  sgainst  a  drop  of  potassium  ferricyanide ;  thus  proving  that  the  iron 

Sen  fully  converted  to  the  ferric  state.  Before  commencing  the  experi- 
t  B  white  porcelain  slab  should  be  covered  wilh  drops  of  the  ferricyanide 
Hm  freshly  made,  and  after  each  little  addition  of  dichromate,  a  drop  is 
P'taken  out  on  the  end  of  the  rod,  and  tested  on  the  slab. 

s  most  important,  and  so  is  tlie  rapidity  of  working  and  application  of 
.     In  treating  of  this  process  it  frequently  happens  that  mention  is  not 

iif  heat ;  but  the  Author,  who  was  educated  under  the  late  Professor 

jf.  (the  inventor  of  the  process),  learnt  to  work  exactly  as  above  directed, 
0  important  to  remember  that  when  (he  blue  begins  to  lighten  in  colour, 
iTOtnate  must  be  added  very  carefully,  as  two  or  three  drops  are  often 

mt  to  overdo  and  spoil  the  accuracy  of  the  determination. 

pnmnber  of  c.c.  used  are  read  off,  and  having  been  multiplied  by  "01475, 
iuct  is  multiplied  by  as  many  molecules  of  [he  salt  under  analysis  as 

ntain  6  atoms  of  iron,  and  divided  by  the  molecular  weight  of  potassium 

mate. 

^e  shorter  method  the  number  of  cc.  used  is  multiplied  by  one  ol  the 
g  equivalent  values, — 

Jbf  Standard  KoCr^O,  (-01475)  ^"  convert '0834  gramme  FeSOjHaO 
do.  'do.  do.  -0348      „        FeCOj 


do. 


do. 


do. 
do. 


•0358 
■0446 


Fe^PO, 
FCjaAsO, 
FeOtitiFe^OJ 


XVn.  ESTIHATION.OF  SUQAE. 
jform  this  operation,  the  following  special  solutions  are  requisite  : — 
L  solution  of  the  substance  in  which  the  glucose  is  to  be  estimated,  con- 
'^aiout  ■$  per  cent,  of  that  substance.     I'his  may  conveniently  be  made 
Volving  3  grammes  (of  a  syrup  or  any  compound  believed  to  contain  70 
or  more  of  glucose  or  lactose)  in  one  litre  of  water. 
MtH^s  solution  of  cupric  tartrate  in  potassium  hydrate,  made  by  dis- 
J3S  grammes  of  pure  crystallized  cupric  sulphate,  reduced  to  powder, 
ressed   between  bibulous    paper  till   absolutely  free  from  extraneous 
Iblure,  in  a  lilUe  distilled  water,  and  adding  173  grammes  of  sodium  potas- 
n  tanrale  (Rochelle  salt),  then  introducing  60  grammes  of  pure  potassium 
I  hydrate,  dissolved  in  the  smallest  possible  quantity  of  water,  until  the  deep 
bhie  precipitate  of  cupric  tartrate  is  entirely  dissolved,  using  more  of  a  ten  per 
[  <iefit  solution  of  potassium  hydrate,  if  necessary.     The  liquid  must  then  be 
e  up  to  one  litre,  and  immediately  introduced  into  a  well-siopjiered  bottle, 
e  carbonic  anhydride  of  the  air  causes  rapid  deterioration.     Previously  to 
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every  determination  in  which  this  solution  is  employed,  it  is  necessary  to 
a  few  drops  with  a  quantity  of  pure  water,  and  if  any  red  precipitate  is  fnraied, 
the  solution  must  be  rendered  incapable  of  producing  such  (when  bofled  with 
pure  water)  by  the  addition  of  solid  potassium  hydrate  free  from  carixntte; 
Thus  made,  Fehling's  solution  should  represent  -05  gramme  of  ghlCOW  Or 
■0475  of  sucrose  for  each  to  c.c 

III.  A  solution  of  i  gramme  of  pure  glucose,  or  '95  gumme  of  ptire  laciOBCi 
in  300  c.c.  of  water.  This  solution,  which  is  used  for  checking  tlte  Fehling^ 
solution,  must  be  made  very  exactly  and  carefully,  as  ujion  its  accurac)'  tbe 
whole  process  depends.     The  modus  operandi  is  as  follows  : — 

10  c.c  of  Fehling's  solution  are  put  into  four  ounces  of  water  contaiool  in 
I  a  porcelain  basin,  and  the  liquid  is  raised  to  the  boiling  i>oinL  The  solutioa 
of  sugar  having  been  introduced  into  a  burette,  placed  immediately  over  the 
basin,  is  then  run  in  until  the  cupric  solution,  after  five  minutes'  boiling,  loset 
its  colour.  A  drop  of  the  ^lution  is  taken  out  with  a  glass  rod,  and  let  &E 
upon  a  piece  of  bibulous  paper,  placed  over  a  beaker  containing  aniraoniiun 
sulphide.  If  a  black  colour  he  produced,  more  sugar  solution  must  be  c;irefiilly 
added  until  this  no  longer  occurs,  which  takes  place  when  all  the  cppjXT  ii 
tlirown  down  as  cuprous  oxide.  Between  every  two  or  three  drops,  the  %uid 
must  be  boiled  for  three  or  four  minutes  before  it  is  tested. 

The  number  of  c.c.  of  sugar  solution  employed  having  been  read  off,  ll* 
following  statement  is  made ; — 

As  the  number  of  C.C,  )    .  .  ,    f  The  number  of  c.c.  of  Fehling*)  1  ,  ^ 

used  )   '    '         '  '   I  solution  taken  ( =  10)         / 

Multiplying  x  by  the  amount  of  sugar  to  which  a  c.c.  of  the  Fehlin^siolu- 
lion  corresponds,  the  product  gives  the  total  quantity  of  pure  glucose  in  ttu 
litre  of  solution.     If  it  be  5  grammes  (the  amount  dissolved  in  the  litre  a 
water  originally)  the  glucose  taken  for  analysis  is  ptu'e.     If  it  be  less,  theijuo- 
tient  obtained  by  division  by  's  (viz.,  multiplication  by  2),  gives  iln'  p«i'fnt- 
og&     If  it  be  more  (than  j  per  1000),  which  may  occur  when   •■'■■■ 
made,  the  Fehling's  solution  must  be  too  weak.     In  tliis  case  t. 
of  the  amount  employed  to  5  is  that  which  must  be  taken   v  ■■ 
volume  of  Fehling's  solution  to  the  true  volume,  that  is,  to  the  v... 
would  have  been  taken  had  it  been  of  accurate  strength. 

Both  the  check  and  the  actual  estimation  are  carried  out  as  above  detnW. 

When  cane  sugar  is  to  be  estimated,  it  must  be  first  "  inverted  "  by  boifiBfl 
for  some  hours  with  a  few  drops  of  dilute  sulphuric  acid,  and  then  neuUtiii™ 
with  sodium  hydrate  before  using  "Fchling." 

XVni.  ESXntATIOK  OP  TJEEA. 

The  best  way  of  estimating  the  amount  of  urea  in  urine  is  by  meani  of 
mercuric  nitrate,  with  which  it  causes  a  precipitate.  The  process  is  of  some 
importance  to  pharmacists,  and  is  thus  performed  : — 

I.  A  solution  of  mercuric  nitrate  is  prepared  by  dissolving  jy'z  gramnus  of 
perfectly  pure  mercuric  oxide  in  the  smallest  possible  quantity  of  nitric  acid; 
evaporating  to  get  rid  of  all  free  acid,  and  diluting  to  one  litre  (if  a  predpitale 
of  yellow  basic  nilraU  should  form,  it  may  be  redissolved  by  the  addition  of  > 
drop  of  free  nitric  acid).  This  solution  is  so  constructed  that  i  c.c.  wfll  prt 
cipitate  'oi  gramme  of  urea. 

3.  A  mixture  of  two  volumes  of  cold  saturated  solution  of  barium  hydratt 
with  one  volume  of  a  similar  solution  of  barium  nitrate. 

3.  Solution  of  sodium  carbonate. 

50  cc.  of  the  urine  to  be  tested  are  mixed  with  25  c.c.  of  the  solution  No.  J, 
which  removes,  by  precipitation,  all  the  phosphates  and  sulphates,  and  the 
whole  is  filtered.     15  cc,  of  the  filtrate  (=10  c.c,  of  the  original  i 
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len  put  into  a  beaker,  and  brought  under  the  burette  containing  the  mercuric 
solution.  The  latter  is  now  carefiillj'  run  in,  until  all  the  urea  is  precipitated, 
which  is  known  when  a  drop  taken  out  of  the  beaker  on  a  glass  rod  strikes  a 
yellow  colour  with  a  drop  of  the  sodium  carbonate  solution,  placed  upon  a 
glass  slab,  over  a  piece  of  black  paper  to  show  the  colour  better.  The  num- 
ber of  c,c.  of  mercurial  solution  used  are  then  read  off,  multiplied  by  'oi, 
which  gives  the  urea  in  lo  c.c,  and  that  x  io  =  percentage, 

Iq  urine  analysis  it  is  more  common,  however,  to  state  results  in  parts  in 
looo,  instead  of  in  percentages. 

The  mercuric  solution  should  always  be  tested  by  a  solution  of  lo  grammes 
fif  pure  artificial  urea  in  i  litre  of  water,  of  which  each  c.c.  will  equal  'oi  urea, 
,«ul  which  should  exactly  balance  the  former,  c.c.  to  c.c.  There  are  certain 
difficulties  which  might  sometimes  occur,  for  which  we  must  refer  the  student 
to  Sutton's  Volumetric  Analysis;  but  we  may  mention  that  should  the  urine 
contain  albumen,  it  must  be  first  removed  by  boiling  loo  cc.  with  4  drops  of 
acetic  acid,  letting  the  coagulated  albumen  settle,  and  taking  50  c.c.  of  the 
dear  urine  for  analysis, 

ZIX.  ESTIUATION  OF  PHOSPHORIC  ACID 

Is  performed  by  means  of  a  standard  solution  of  uranic  nitrate  in  the  pre- 
sence of  sodium  acetate.     The  necessary  solutions  are, — 

1.  .Standard  solution  of  uranic  nitrate,  made  by  dissolving  70  grammes  in 
900  cc.  of  water,  and  then,  after  ascertaining  its  strength  by  performing  an 
analysis  on  50  cc.  of  the  standard  phosphate  solution,  diluting  with  water 
SO  dial  50.  c.c.  will  correspond  exactly  to  50  c.c.  of  that  solution.  If  abso- 
hiely  pure  uranic  nitrate  were  obtainable,  theory  requires  the  solution  of 
jfi  grammes  in  one  litre  of  water  to  yield  a  soUition  which  will  balance  the 
Ratidard  phosphate  {each  1  c.c.  =  1  gramme  of  PiO,). 

2.  Standard  phosphate  solntion,  made  by  dissolving  so'4i  grammes  of 
perfectly  pure  disodium  hydrogen  phosphate  in  one  litre  of  water,  when  each 
CC  will  ei]ual  t  gramme  of  PaOj. 

3.  A  solution  of  100  grammes  of  sodium  acetate  and  100  grammes  of  acetic 
acid  in  water,  and  the  whole  diluted  to  one  litre. 

4.  Finely  powdered  potassium  terrocyanide. 

To  perform  the  process,  the  solution  of  the  phosphate  in  about  50  c.c.  of 
water,  is  placed  in  a  basin  on  the  water  bath,  mixed  with  5  c.c.  of  solution 
No.  3  (sodic  acetate),  and  No.  i  (uranic  nitrate)  is  ran  in  from  a  btnette, 
tmtil  a  drop  taken  from  the  basin  on  to  a  white  plate  just  givesa  brown  colour 
when  a  little  powderd  ferrocyanide  is  cautiously  dropped  into  its  centre.  The 
number  of  c.c.  of  uranic  solution  used  having  been  noted,  the  usual  calcula- 
tions are  to  be  applied. 

After  repeated  trials  upon  50  c.c  of  the  standard  phosphate  solution,  so 
as  to  thoroughly  adjust  the  strength  of  the  uranic  solution,  and  at  the  same 
time  accustom  the  eye  to  observe  the  exact  moment  of  the  appearance  of  the 
brown  coloration,  the  process  may  be  practically  applied  to  Uantirea. 

The  best  method  of  preparing  the  solution  of  the  manure,  is  to  heat  10 
grammes  to  dull  redness  for  15  minutes,  and  when  cold  to  reduce  it  lo  a  fine 
powder  in  a  mortar,  and  add  gradually  10  grammes  of  sulphuric  acid  diluted 
to  200  c.c.  with  water.  Rinse  the  whole  into  a  stoppered  bottle,  and  make 
Up  with  water  to  one  litre.  Shake  up  occasionally  for  an  hour,  and  having 
then  let  all  settle  for  three  hours,  draw  off  100  cc.  (  =  i  gramme  manure)  for 
lUialysis.  To  this  add  a  little  citric  add  {10  drops  of  a  cold  saturated  solu- 
tion), and  slightly  supersaturate  with  ammonium  hydrate.  Again  acidify  with 
acetic  acid,  add  10  c.c.  sodium  acetate  solution,  and  then  use  the  uranic  solu- 
VOL.   n.  M 
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tion  as  usual.  If  all  these  quantities  be  rigorously  adhered  to,  each  c.c.  of 
uranic  solution  used  can,  without  further  calculation,  be  taken  as  indicating 
one  per  cent  of  tricalcium  phosphate  in  the  manure. 

This  process  is  highly  recommended  by  Mr.  Sutton,  of  Norwich,  and  elabor- 
ate details  will  be  found  in  his  work  on  Volumetric  Analysis. 


XX.  VALUATION  OF   MANGAITESE  PEROXIDE. 

When  manganic  peroxide  is  treated  with  oxalic  acid  and  sulphuric  acid,  it 
dissolves,  forming  manganous  sulphate,  converting  the  oxalic  acid  entirely  into 
carbonic  anhydride  and  water : — 

HaC204  +  MnOj  +  HaS04  =  MnSO*  +  2CO,  +  2H,0. 

This  reaction  is  taken  advantage  of  to  estimate  the  value  of  samples  of  the 
ore.     The  solutions  required  are, — 

1.  The  B.P.  volumetric  solution  of  oxalic  acid,  made  by  dissolving  63 
grammes  of  oxalic  acid  in  one  litre  of  water,  each  c.c.  of  which  contains  '063 
gramme  oxalic  acid 

2.  A  solution  of  potassium  permanganate,  of  about  the  colour  of  st];ong  port 
and  water.  10  c.c.  of  the  oxalic  acid  are  introduced  into  a  beaker,  diluted  to 
200  C.C.  with  water,  and  acidulated  with  5  c.c  of  strong  sulphuric  acid.  The 
permanganate  is  then  run  in  carefully  from  a  burette,  until  its  colour  ceases  to 
be  destroyed,  and  the  contents  of  the  beaker  exhibit  a  faint  permanent  pink 
colour  when  viewed  over  white  paper.  The  number  of  c.c.  of  permanganate 
used  is  carefully  noted,  and  its  relation  to  the  oxalic  acid  thus  ascertained. 

We  will  suppose,  for  example,  that  40  c.c.  were  required,  then  40  c.c  of 
permanganate  will  represent  10  c.c.  of  oxalic  acid.  Having  obtained  the 
strength  of  our  permanganate  (which  spoils  by  keeping,  and  therefore  must  be 
titrated  and  standardized  every  time),  we  proceed  as  follows  : — 

Weigh  out  2  grammes  of  the  sample  to  be  analyzed,  transfer  it  to  a  beakei; 
run  in  50  c.c.  of  oxalic  acid,  and  acidulate  with  5  c.c.  of  strong  sulphuric  acid. 
The  reaction  immediately  sets  in,  and  carbonic  anhydride  is  evolved  with 
effervescence.  The  manganic  peroxide  dissolves,  and  in  so  doing  decomposes 
an  equivalent  quantity  of  oxalic  acid.  The  action  is  assisted  at  the  last  by 
gently  heating,  till  no  more  gas  is  evolved,  and  the  ore  is  all  dissolved.  The 
solution  is  diluted  to  200  cc,  and  5  c.c  of  sulphuric  acid  having  been  added,- 
permanganate  is  run  in  until  it  ceases  to  be  decolorized.  The  number  of 
c.c.  of  permanganate  used  are  calculated  for  the  amount  of  oxalic  acid  they 
have  been  found  to  represent,  and  thus  the  quantity  which  has  been  decom- 
posed by  the  ore  is  ascertained. 

Example. — 2  grammes  of  ore,  treated  with  50  c.c.  of  oxalic  acid,  took,  after 
solution,  20  c.c.  of  permanganate.  Now,  as  40  c.c.  of  the  latter  were  found 
to  be  equal  to  10  c.c.  oxalic  acid,  20  must  be  equal  to  5.  Then  50-5  =  45  cc 
of  oxalic  acid  decomposed  by  the  ore.  45  c.c.  x -063  =  2*835  oxalic  acid, 
decomposed  by  2  grammes  of  ore.    Then  from  the  equation  already  given, 

— ^^-? — -  =  ^'957  pure  peroxide  in  two  grammes  of  ore; 
126 

an^      957  ^    ^^  =  97*85  per  cent  peroxide  in  ore  analyzed. 

For  all  the  other  many  processes  of  volumetric  ^analysis,  the  student  is 
referred  to  any  standard  work  upon  the  subject 


CHAPTER   IX. 
CRAVL\fBTRIC  QUANTITATIVE  ANALYSIS. 


I.  P£ELIMINA.BT  BEKABES. 

IbsE  giving  the  processes  for  the  quantiiati 

we  must  first  say  something  about  the  preparati 
;,  drying,  and  weighing  of  precipitates. 


of  the  various 
of  filters,  and  the 


1.  THE   FREPARATIOST  OP  FILTEBS. 
tdy-cut  filters  may  be  procured  from  the  dealers  in  chemical  apparatus.  I 
P  kind  known  as  Swedish  is  the  best  for  all  cases  where  the  precipitate  is  I 
mely  divided  or  pulveruleut.  For  gelatinoos  precipitates,  such  as  ferric  hydrate  ■ 
and  calcium  phosphate,  the  white  English  filters  are  preferable  ;  but  they  should  I 
never  be  used,  say,  for  barium  sulphate  or  calcium  oxalate,  as  those  bodlei  I 
would  very  likely  pass  through  the  pores  of  the  filter,  and  so  cause  a  loss  in  J 
the  analysis,     The  only  drawback  lo  Swedish  papers  is  their  filtering  rather  a 
slowly.    Whatever  paper  be  used,  the  size  for  quantitative  operations  is,  for  thci 
larger  sort,  six  inches  in  diameter,  for  the  smaller,  about  two  Inches,     The  I 
smalt  sort  is  used  where  we  have  to  deal  with  traces  of  precipitate  only,  or  | 
when  a  small  quantity  of  fluid  has  to  be  filtered.     The  paper  should  yield  I 
nothing  to  dilute  acids,  and  if  the  ash  exceed  one  milligramme  per  large  ■ 
filter  it  will  in  most  cases  be  remedied  by  placing,  say,  too  cut  filters  for  some 
hours  in  a  basin  filled  with  a  mixture  of  one  volume  of  HCI  and  eight  volumes 
of  water.     They  must  then  be  repeatedly  washed  with  distilled  water  till 
quite  free  from  acidity,  otherwise  they  would  crumble  to  pieces  when  being 
folded.     The  washing  is  a  very  tedious  operation  indeed,  and  having  been  j 
completed,  the  basin  is  put  on  to  a  walerbath  till  the  filters  are  perfectly  dry, 
when  they  are  taken  out  and  their  ash  estimated. 

This  is  most  conveniently  done  by  folding  ten  filters  into  a  small  compass,  ^ 
twisting  a  long  platinum  wire  round  the  packet  so  as  lo  form  a  cage,  holding 
the  free  end  in  the  hand  and  the  paper  over  a  previously  weighed  platinum 
crucible  while  touching  it  with  the  flame  of  a  Bunsen  burner.  The  paper 
buns  and  the  ash  drops  into  the  crucible,  while  any  particles  of  carbon  which 
have  escaped  combustion  arc  quite  consumed  by  exposing  the  crucible  for 
some  time  to  a  red  heat  till  the  ash  gets  perfectly  while.  The  crucible  after 
cooling  is  reweighed,  and  its  increase  is  the  ash  of  ten  filters.  Divided  b^ 
ten,  we  get  the  ash  of  one  filter ;  and  in  every  case  where  both  filter  and  pre- 
cipitate arc  burned,  the  ash  of  the  filter  thus  found  must  always  be  deducted 
from  their  total  weiglit,  and  the  diff'erence  is  then  the  actual  weight  of  the 
precipitate. 

3.  THE  WASHING  OF  PRECIPITATES. 

When  the  precipitate  has  been  fully  fonned  and  tlic  supernatant  fiutd  hu 

become  quite  clear,  the  latter  is  poured  on  the  fitter,  care  being  taken  not  to 
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disturb  the  precipitate.  After  thus  pouring  off  as  much  as  practicable,  the  pre- 
cipitate remaining  in  the  beaker  is  treated  with  water  and  well  stirred.  When 
the  whole  has  once  more  settled,  the  clear  fluid  is  again  passed  through  the 
filter.  This  operation  having  been  repeated  three  or  four  times,  the  precipi- 
tate  is  allowed  to  pass  on  to  the  filter,  any  particles  which  stick  to  the  sides  of 
the  beaker  being  removed  with  a  feather ;  and  the  whole  having  been  thus 
collected,  the  washing  is  continued  by  means  of  a  washing-bottle,  till  the  pre- 
cipitate is  quite  freed  from  its  soluble  impurities.  For  instance,  in  estimating 
sulphuric  acid,  the  barium  sulphate  is  washed  till  the  filtrate  no  longer  gives 
a  turbidity  with  argentic  nitrate. 

Many  bodies,  as  ferric  and  aluminic  hydrate,  most  phosphates,  barium  sul- 
phate, and  some  of  the  carbonates  are  best  washed  with  boiling  water.  Others, 
6n  the  contrary,  must  be  washed  with  cold  water,  such  as  plumbic  sulphate, 
for  which  we  use  cold  water  acidified  with  some  HgSO^;  magnesium  ammonium 
phosphate,  for  which  cold  dilute  ammonium  hydrate  is  used,  etc 

3.  DRTING  OF  FRECIPrrATES. 

After  the  precipitate  has  been  thoroughly  washed,  the  funnel  containing  it 
is  loosely  covered  over  with  filter  paper  and  then  put  into  an  air-bath.  Most 
precipitates  require  a  temperature  of  212°  F.,  but  some  of  them,  as  mag- 
nesium ammonium  arseniate,  require  a  temperature  of  220°  F.  before  becoming 
constant  in  weight ;  while  palladious  iodide  must  be  dried  at  a  temperature  not 
exceeding  200°  F.  Prolonged  and  repeated  drying  is  only  necessary  when 
the  precipitate  is  weighed  on  the  filt;er. 

4.  IGNITINa  AND  WEIGHING  OF  FBECIFITATES. 

Most  precipitates  must  first  be  ignited  before  they  can  be  weighed.  This 
is  to  drive  off  water  which  they  may  still  retain  after  drying  at  212°  F.,  or 
carbonic  anhydride  and  water.  For  instance,  zinc  is  best  weighed  as  oxide, 
and  therefore  the  precipitate,  consisting  of  oxycarbonate,  is  first  ignited.  Iron 
is  precipitated  as  hydrate,  but  the  composition  of  that  body  not  being  constant 
it  is  ignited  and  so  made  into  pure  oxide  before  weighing.  As  soon,  there- 
fore, as  the  precipitate  appears  dry  it  is  carefully  detached  from  the  filter  and 
put  into  a  previously  ignited  and  weighed  crucible,  the  filter  is  burned  on  the 
lid  (which  has  been  weighed  together  with  the  crucible),  the  ash  is  thrown 
into  the  crucible,  and  the  latter  covered  with  the  lid.  The  crucible  is  now 
supported  by  a  pipe-clay  triangle,  and  gently  ignited  at  first  to  prevent  spurt- 
ing from  the  sudden  evolution  of  steam  or  other  gases.  The  lid  is  now  taken 
off,  and  the  crucible  inclined  a  little  so  as  to  give  a  free  access  of  air.  The 
ignition  is  continued  for  some  minutes,  and  the  crucible,  having  been  again 
covered  with  the  lid,  is  allowed  to  cool  and  weighed.  For  accurate  estima- 
tions it  is  best  to  let  it  cool  under  a  desiccator. 

The  heat  of  an  ordinary  Bunsen  burner  is  generally  sufficient  for  all  pur- 
poses ;  but  the  conversion  of  calcium  carbonate  into  oxide  requires  the  aid  of 
a  gas  blowpipe  ;  while  argentic  chloride  must  be  heated  with  a  rose  Bunsen 
or  spirit  lamp  until  it  just  begins  to  fuse.  The  filters  are,  as  already  shown, 
burned  separately,  to  prevent  any  reduction  of  the  precipitate  by  the  carbon 
of  the  filter. 

Some  precipitates  are  not  ignited  but  weighed  on  a  previously  tared  filter. 
Before  weighing  the  filter  (for  which  purpose  it  is  placed  between  two  closely- 
fitting  watch-glasses  provided  with  a  clamp  to  hold  them  together)  it  must 
first  be  dried  for  fifteen  minutes  at  212°  F.  After  drying  the  precipitate, 
the  filter  is  again  placed  between  the  glasses  and  reweighed ;  the  increase 
shows,  of  course,  the  weight  of  the  substance.     It  is  well  to  replace  the  filter 
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in  the  bath  for,  say,  half  an  hour,  and  to  weigh  again.     Should  the  weight  b 
considerably  less,  it  must  be  once  more  put  into  the  bath  and  reweighed.     As 
examples  of  precipitates  weighed  in  this  manner,  we  mention  the  sulphides  \ 
of  mercury  and  arsenic,  which  cannot  be  ignited  because  they  would  volati-  J 
Use  i  magnesium  ammonium  arseniate,  which  would  suffer  a  loss  of  arsenic  \ 
in  ignition ;  and  potassium  plati no-chloride,  which  would  partly  decompose. 


n.  GEAVIMBTRIC  ESTDffATION  OF  METALS. 
ESTIMATION  OF  SILV&B.  i 

(a)  As  Argentic  Chloride. 
Klver  is  most  conveniently  weighed  as  chloride,  because  this  body  is  per-J 
fectly  insoluble  in  water  and  dilute  acids,  and  separates  readily.  The  silver  I 
solution  lo  be  estimated  is  strongly  acidified  with  nitric  acid,  which,  for  pby- 1 
sical  reasons,  promotes  the  separation  of  the  chloride,  and  a  slight  excess  of! 
hydrochloric  acid  is  added.  It  is  best  to  have  the  solution  slightly  wann,  and  T 
to  stir  till  the  supernatant  liquid  has  got  perfectly  clear.  A  liitle  more  hydro-  1 
chloric  acid  is  added,  to  make  sure  that  all  the  silver  is  precipitated.  The  J 
clear  fluid  is  now  poured  oft^  but  best  through  a  filter,  lest  some  particles  of  1 
chloride  should  be  accidentally  carried  away.  The  chloride,  which  must  be  I 
kept  from  the  light,  is  then  washed  by  decanlation  with  boiling  water  till  1 
every  trace  of  acid  is  removed,  the  water  poured  off  as  completely  as  pos-  I 
sible,  and  the  chloride  transferred  into  a  weighed  porcelain  dish,  dricdi  ' 
heated  till  it  just  commences  to  fuse,  and  weighed.  The  fiher  is  burned  o 
lid ;  and  should  any  excess  of  ash  be  obtained,  this  must  be  considered  as  I 
metallic  silver,  because  the  triua  of  chloride  are  reduced  by  the  filter- oajMir.  f 
Or  the  ash  may  be  treated  with  a  drop  of  aqua  regia,  the  resulting  chloride  J 
dried,  and  its  weight  added  to  the  other  weight.  The  followinjj  calculation  1 
is  now  applied  : — 

r^yeight  of  chloride  ■>  .08  ^^-,^^  ^  ^^  ^^^^^  ^^^^  j,^  ^^^^^ 

"435 

{h)  Aa  Ketal. 
If  £lver  is  required  to  be  estimated  in  organic  sails,  and  other  bases  e 
absent,  the  analysis  is  performed  by  igniting  a  weighed  quantity  of  the  salt,  ' 
^d  weighing  the  ash,  which  will  consist  of  pure  meialhc  silver. 

ESTDUTION  OF  LEAD. 
{a)  As  Plambic  Oxide, 
is  usually  estimated  in  this  form.     The  solution  containing  the  sub-  ] 
Glance  to  be  analyzed  is  precipitated  with  ammonium  carbonate  in  the  presence  T 
of  a  little  ammonium  hydrate.     The  precipitated  plumbic  carbonate  is  then  I 
collected  on  a  small  filter,   washed,  and   dried.     The  dry  precipitate  is  re- 
moved as  completely  as  possible  from  the  filter-paper,  and  introduced  into  a 
weighed  porcelain  crucible.     The  filter  having  been  burned  on  the  lid,  and  its 
■sh  added  to  the  contents  of  tlie  crucible,  the  whole  is  ignited,  cooled,  and 
weighed.     By  ignition,  the  oxide  is  formed ;  and  after  deducting  the  wei^t  of 
tfae  crucible,  the  following  calculation  is  applied  : — 

Weight   of    precipitate  't  307  _  ( weight  of  metallic  lead  in 
33J  '  (amount  of  samjile analyzed. 
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Great  care  must  be  taken  in  the  removal  of  the  precipitate  from  the  filter, 
as  the  carbon  of  the  paper  is  apt  to  reduce  the  oxide  to  metallic  lead,  and 
thus  cause  loss  of  weight.  The  oxide  must  be  completely  soluble  in  warm 
acetic  acid.    Any  insoluble  substance  may  be  metallic  lead. 

{b)  As  Plmnbic  Sulphate. 

Lead  is  estimated  as  sulphate  when  it  has  to  be  separated  from  other  metals 
which  are  not  precipitated  by  sulphuric  acid.  The  solution, — for  instance,  a 
weighed  quantity  of  an  alloy, — dissolved  in  nitric  acid  is  mixed  in  agl^ssbasin 
with  a  slight  excess  of  sulphuric  acid.  As  plumbic  sulphate  is  slightly  soluble 
in  nitric  acid,  the  whole  is  evaporated  in  the  water-bath  till  acid  fumes  cease 
to  be  evolved.  The  sulphate  is  now  washed  by  decantation  with  very  dilute 
sulphuric  acid,  to  remove  other  metals,  then  brought  on  the  filter,  and  finally 
washed  with  spirit  of  wine.  The  sulphate  is  slightly  soluble  in  water,  but  in- 
soluble in  dilute  sulphuric  acid,  and  altogether  so  in  alcohol.  The  filter  is 
now  dried,  the  sulphate  having  been  detached  from  it,  the  latter  is  put  into  a 
weighed  porcelain  crucible,  ignited,  and  weighed.  The  filter  is  burned  sepa- 
rately (best  in  another  weighed  crucible)  the  ash  is  treated  with  a  drop  of 
nitric  acid  and  a  drop  of  sulphuric  acid,  dried,  ignited,  and  reweighed.  The 
treatment  with  acid  is  necessary,  because  the  sulphate  is  almost  completely 
reduced  to  metallic  lead  or  sulphide  of  lead  by  the  carbon  of  the  burning 
filter.  The  total  weight  of  sulphate  having  been  got,  the  following  calcu- 
lation is  applied : — 

^    Weight  of  precipitate  X  207  ^  lead  in  the  quantity  taken  for  analysis. 
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ESTIMATION  OF  MERCUET. 

(a)  As  MerctLrous  Chloride. 

Compounds  of  mercury  insoluble  in  water  are  dissolved  in  cold  dilute 
HCl,  and  if  this  fails,  they  are  treated  with  potassium  hydrate  solution,  and 
chlorine  gas  is  passed  through  the  liquid  till  perfectly  saturated.  The  excess 
of  chlorine  is  expelled  by  gentle  boiling.  If  mercury  compounds  were  boiled 
with  hydrochloric  acid  and  potassium  chlorate,  a  little  of  the  mercury  would 
volatilize. 

To  the  solution  some  hydrochloric  and  phosphorous  acids  are  added  ;  and 
after  standing  for  1 2  hours  in  a  warm  place,  the  precipitated  mercurous  chlo- 
ride is  collected  on  a  weighed  filter,  washed,  dried  at  212°  F.,  and  weighed. 

Weight  of  precipitate  x  200  _  J  amount  of  mercury  in  the 
235-5  ^  sample  taken  for  analysis. 

{b)  As  Mercuric  Sulphide. 

Through  the  solution  of  the  mercuric  salt  a  current  of  HgS  is  passed  till 
the  liquid  is  saturated.  It  is  necessary  the  mercury  should  be  all  in  the  mer- 
curic state,  and  not  contain  other  metals  precipitable  by  HgS.  The  precipitate 
is  collected  on  a  weighed  filter,  washed  first  with  water,  then  with  absolute 
alcohol,  and  finally,  to  remove  any  free  sulphur,  with  a  mixture  of  equal  parts 
of  ether  and  carbon  disulphide.  After  drying  at  212°  F.  and  weighing,  the 
following  calculation  is  applied  : — 

Weight  of  the  sulphide  x  200  _  (  mercury  in  the  sample 
232  (     taken  for  analysis. 


CA  DhfWAS— COPPER. 

ESTIMATION  OF  CADMIUM. 
(a)  As  Cadminm  Oxide. 

The  solution  containing  the  metal  is  mixed  with  excess  of  sodium  carbonate 
and  boiled.  The  precipitated  cadmium  carbonate  is  collected  upon  a  filter, 
washed  with  hot  water,  and  dried.  It  is  of  the  utmost  importance  to  have  a 
very  thin  filler,  and  to  detach  the  precipitate  as  completely  as  possible  from 
it  The  filter  is  moistened  with  a  little  strong  soiution  of  ammonium  nitrate, 
and  dried  ;  and  a  platinum  wire  having  been  twisted  rourul  it,  it  is  then  burned, 
the  ash  being  allowed  to  drop  into  the  crucible.  The  nitrate  will  cause  a 
more  speedy  and  complete  oxidation  of  the  carbon  of  the  filter,  and  so  pre- 
vcfit  reduction  of  the  oxide  and  volatilization  of  mctaUic  cadmium.  Yet, 
notwithstanding  this  precaution,  a  little  loss  is  unavoidable.  The  crucible  is 
DOW  heated  to  redness,  and  after  cooling  the  residual  oxide  is  weighed. 
The  weight  of  oxide  x  1 1  a  _  J"  cadmium  in  the  quantity 
—  -  laken  for  analysis. 

'(*)  As  Sulphide. 

The  solution  is  precipitated  with  ammonium  hydrate  and  ammonium  sul- 
phide. The  cadmium  sulphide  is  collected  in  a  weighed  filter,  washed,  dried 
at  3 1  a"  F.,  and  weighed.  This  process  is  only  applicable  in  the  absence  of 
metals  also  precipitable  by  ammonium  sulphide.  In  the  presence  of  metals 
of  the  fourth  group,  the  solution  must  be  slightly  acidified  with  hydrochloric 
add  and  precipitated  by  a  current  of  sulphuretted  hydrogen. 

Weight  ofsulphide  XI 13  ^  cadmium  in  the  amount  taken  for  analysU. 


ESTIMATION  OF  COPPER. 
{a)  As  Capric  Oxide. 
Copper  is  freriuently  estimated  in  this  form.  The  solution  (freed  from 
Wher  metals  if  necessary)  is  boiled  with  a  slight  excess  of  sodium  hydrate. 
The  precipitate  is  filtered  out,  washed,  and  dried.  It  is  then  carefully 
removed  from  the  paper  to  a  weighed  crucible,  and  the  filter  having  been 
burned  on  the  lid,  and  the  ash  added  to  the  contents  of  the  crucible,  the 
whole  is  well  ignited,  cooled  in  a  desiccator,  and  weighed  rapidly,  because 
cttpric  oxide  is  very  hygroscopic.  To  make  sure  that  the  oxide  contains  no 
suboxide,  it  is,  however,  generally  moistened  with  a  little  fuming  nitric  acid, 
dried  with  the  lid  on  and  ignited  for  ten  minutes,  and  then  re-weighed ;  but 
this  operation  requires  great  care,  and  is  liable  lo  involve  a  loss  on  account  of 
spurting. 

Weight  ofoxidex  63-5  ^  Copper  in  the  quantity  of  substance  analyzed.        , 
795 

(b)  As  Metallic  Copper. 
The  solution,  which  must  be  free  from  metals  precipitable  by  zinc,  is  intro-    I 
duced  into  a  weighed  and  very  clean  platinum  basin.     A  small  piece  of  zinc 
is  introduced,  and  the  crucible  covered  with  a  lid  lo  prevent  spurting.     The    | 
solution  must  contain  a  slight  excess  of  hydrochloric  or  sulphuric  acid,  but  on 
no  account  nitric  acid.     After  the  fluid  has  become  quite  colourless  and  the 
basin  has  become  coated  with  metallic  copper,  a  little  more  hydrochloric  acid 
is  added,  to  dissolve  out  the  excess  of  zinc,  which  will  have  disappeared  when 
P^Mqaid  has  ceased  to  effervesce.    The  fluid  is  now  ponred  off,  and  die  | 
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copper  repeatedly  washed  with  boiling  water  till  all  acidity  is  removed.  The 
basin  is  finally  rinsed  with  absolute  alcohol,  quickly  dried,  and  weighed. 
This  process  gives  excellent  results  when  pure  zinc  is  at  disposal ;  but  it  must 
be  borne  in  mind  that  so-called  pure  zinc  in  rods  frequendy  contains  traces  of 
lead  insoluble  in  hydrochloric  acid. 

ESTIMATION  OF  BISMUTH. 

(a)  As  Bismuth  Oxide. 

Bismuth  is  estimated  in  this  form.  The  solution  for  analysis  (freed,  if 
necessary,  from  other  metals)  is  diluted  with  water,  and  precipitated  with  a 
slight  excess  of  ammonium-  carbonate.  The  precipitated  bismuthous  oxy- 
carbonate  is  collected,  washed,  and  dried.  It  is  then  separated  from  the 
filter  paper,  and  the  latter  having  been  burned  on  the  lid  of  a  weighed 
crucible,  the  whole  is  introduced  into  the  crucible,  and  ignited,  cooled, 
and  weighed.     The  weight  of  the  crucible  having  been  deducted,  we  say, — 

Weight  of  precipitate  X  416  _  ("weight  of  bismuth  in  the  quantity 
464  (     of  substance  taken  for  analysis. 

{b)  As  Bismuth  Sulphide. 

Bismuth  is  sometimes  estimated  as  sulphide ;  but  this  process  cannot  be 
much  recommended,  as  the  sulphide  is  apt  to  increase  in  weight  on  drying, 
owing  to  the  absorption  of  oxygen.  When  following  this  method,  a  current  of 
sulphuretted  hydrogen  is  passed  through  the  acid  bismuth  solution;  the  result- 
ing sulphide  is  collected  on  a  weighed  filter,  dried  at  2i2°F.,  and  weighed. 

Weight  of  the  sulphide  x  41 6_  C  amount  of  bismuth  in  the 
T12  (.  sample  taken  for  analysis. 

ESTIMATION  OF  GOLD. 

{a)  As  Metallic  Gold,  by  Precipitation. 

The  solution  is  boiled  with  excess  of  ferrous  sulphate  or  oxalic  acid,  and, 
to  prevent  iron  compounds  or  oxalates  from  precipitating;  some  hydrochloric 
acid  is  also  added.  If  oxalic  acid  is  used,  a  slight  effervescence  will  be 
noticed,  so  it  is  advisable  to  cover  the  beaker  with  a  glass.  The  precipitated 
gold  is  washed  on  a  filter,  dried,  ignited,  and  weighed.  This  method  gives 
accurate  results,  providing  the  gold  exists  as  trichloride. 

{b)  By  Oapellation. 

Gold  solutions  containing  potassium  cyanide  are  treated  as  follows :  A 
known  portion  is  evaporated  with  a  few  grammes  of  red  lead.  When  dry,  the 
crucible  is  covered  and  heated  to  redness.  The  result  is  a  button  of  lead 
containing  the  gold,  from  which  the  latter  is  readily  separated  by  cupellation, 
and  can  then  be  weighed. 

ESTIMATION  OF  PLATINUM. 

As  Metallic  Platinnm. 

Platinum  is  usually  estimated  in  this  form.  The  solution,  which  must 
contain  the  platinum  as  trichloride,  is  concentrated  and  precipitated  with 
excess  of  ammonium  chloride.  As  ammonium  platino-chloride  is  slightly 
soluble  in  water,  foiu:  times  its  bulk  of  absolute  alcohol  is  added  to  the  fluid, 
which,  after  standing  for  several  hours,  is  filtered.  The  precipitates  is  well 
washed  with  spirit  of  wine,  dried,  ignited;  and  weighed,  as  metallic  platinum. 
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mcs  it  is  useful  to  wash  the  pktinum  on  i 
ft  dry  and  weigh.    The  results  are  accurate. 


filler  with  hot  water,  .and  to 


ESTIUATIOH  OF  TIN. 

(a)  Ab  Stannic  Oside. 
[Hoys  containing  tin,  but  free  from  aniimony  or  arsenic,  are  treated  nithl 
nitric  acid,  which  converts  the  tin  into  oxide,  and  Other  metals  into  nitrates.  J 
The  acid  fluid  is  evaporated  nearly  to  dryness,  the  residue  taken  up  with  I 
water  and  a  little  nitric  acid ;  the  oxide  is  washed  by  decanlation,  collected  I 
on  a  filler,  completely  washed  and  dried.  It  is  then  as  completely  as  possible  \ 
detached  from  the  filter,  the  latter  is  burned  on  a  lid,  the  ash  added  to 
contents  of  the  crucible,  and  the  whole  ignited.  After  cooling  the  oxide  is 
moistened  with  a  little  nitric  acid,  dried  (with  the  lid  on),  aud  agaui  ignited, 
when,  after  cooling,  it  is  ready  for  weighing. 

Where  we  have  to  deal   with   tin  in   solution,  the  following  method  is 
applied  :— 

The  solution,  which  must  be  free  from  metals  of  the  first  three  groups,  is 
precipitated  with  sulphuretted  hydrogen,  the  resulting  sulphide  is  washed  with  i 
solution  of  acetate  of  ammonium,  which  will  prevent  the  stannic  sulphide  from  J 
passing  through  the  filter.  After  drying,  the  sulphide  is  transferred  lo  a  weighed  ' 
crucible,  the  filter  burned  on  the  lid,  its  ash  added  to  the  contents  of  the 
crucible,  and  the  whole  ignited,  at  fint  very  genliy,  until  fumes  oi  sulphurous 
anhydride  cease,  and  then  at  a  very  high  temperature,  with  the  addition  of  a 
fragment  of  ammonium  carbonate.     The  whole  having  been  cooled,  weighed, 
and  the  weight  of  the  crucible  deducted,  we  say, — 

Weight  of  precipitate  »■  ii8  _  j  amount  of  metallic  tin  in  the  quantity 
I  JO  ~  I      t^l^  substance  taken  for  analysis. 

This  process  depends  on  the  conversion  of  the  sulphide  into  SnO,  by  1 
ignitioii ;  but  it  must  be  conducted  with  care,  as  a  loo  rapid  application  of  heat  1 
would  cause  the  change  to  take  place  suddenly,  and  the  whole  would  ignite. 

{b)  As  UflUUic  Tin. 

This  process,  which  is  only  applicable  to  tin  stone,  consists  in  fusiDg  ai 
known  quantity  of  the  pulverized  ore  with  potassium  cyanide  in  a  porceniiai 
CTDciblc,  when  a  small  button  or  granules  of  metallic  tin  will  be  obtained .] 
on  treating  the  mass  with  water.     The  tin  is  washed,  dried,  and  weighed. 


KSTIKATION  OP  AITTIMOIIT. 
{a)  As  Metallic  Antimony. 
In  the  solution,  which  must  contain  some  excess  of  hydrochloric  acid,  a  slip  1 
of  tin  is  introduced,  which  will  soon  precipitate  all  the  antimony  as  a  black  1 
powder.  The  excess  of  tin  is  best  removed  by  pouring  off  the  greater  jiart  of  I 
the  liquid  and  boiling  the  precipitate  with  moderately  strong  hydrochloric  acid.  J 
'When  DO  more  evolution  of  hydrogen  is  visible,  the  metal  is  washed  till  freo  J 
from  acidity,  then  again  washed  with  alcohol,  collected  on  a  weighed  filtCTt  [ 
dried,  and  weighed.  Or  what  is  left  from  the  tin  may  be  taken  out  and  care- 1 
ftlUy  freed  lirom  the  adhering  antimony,  when  boiling  with  acid  is  superfluous,  f 

(b)  As  Anttmonioiis  Antimonic  Oxide. 

The  acid  solution  is  precipitated  with  sulphuretted  hydrogen,  the  sulphide  J 

^ttOicted  on  a  weighed  filter,  dried  at  uo'^l-'.,  and  weighed     1'be  total  weight  J 
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being;  known,  a  weighed  portion  of  it  is  taken  for  conversion  into  the  oxide, 
when  it  can  be  easily  calculated  how  much  oxide  the  whole  of  the  sulphide 
would  have  yielded.  The  conversion  of  the  sulphide  into  oxide  is  best  done 
by  mixing  it  with  forty  times  its  weight  of  pure  mercuric  oxide  and  heatipg 
gently  at  first  and  very  strongly  afterwards,  to  drive  off  the  mercury.  The 
remaining  SbOg  is  weighed.  A  platinum  crucible  may  be  used,  but  must  first 
be  lined  with  some  mercuric  oxide  before  introducing  the  mixture.  The 
following  calculation  is  now  applied : — 

Weight  of  oxide  x  122      f  amount  of  antimony  in  the 
^[^  "  ~  \  sample  taken  for  analysis. 

Another  process  for  the  conversion  of  the  sulphide  into  oxide  consists  in 
evaporating  a  known  quantity  of  the  sulphide  in  a  porcelain  dish  vn^  fuming 
nitric  acid.     When  dry,  the  residue  is  ignited,  cooled,  and  weighed. 

ESTIMATION  OF  ABSENIC. 

{a)  As  ArsenionB  Sulphide. 

The  solution  must  contain  the  arsenic  as  arsenious  acid.  After  adding 
some  HCl,a  current  of  sulphuretted  hydrogen  is  passed  through  the  liquid  till 
the  latter  acquires  a  strong  smell.  The  excess  of  gas  is  now  removed  by 
warming  the  fluid  and  passing  a  current  of  carbonic  anhydride  through  it 
The  sulphide  is  collected  on  a  weighed  filter,  washed,  dried  at  212°  F.,  and 
weighed.     The  following  calculation  is  then  applied  : — 

Weight  of  sulphide  x  150  _  f  amount  of  arsenic  in  the 
246  \  sample  taken  for  analysis. 

(Jf)  As  Magnesium  Ammoninm  Arseniate. 

Arsenious  acid  is  dissolved  in  some  hot  solution  of  sodium  carbonate, 
excess  of  hydrochloric  acid  is  added,  and  the  fluid  gently  heated  with  potassium 
chlorate  till  it  smells  distinctly  of  chlorine,  even  after  half  an  hour.  Arsenic 
sulphur  compounds  are  dissolved  in  hot  potassium  hydrate  and  treated  with  ex- 
cess of  chlorine  gas  to  convert  them  into  arsenic  acid.  The  solution  of  arsenic 
acid  thus  obtained  by  either  of  the  foregoing  methods  is  mixed  with  large 
excess  of  ammonium  hydrate,  and,  after  being  allowed  to  cool,  precipitated  with 
magnesia  mixture  (a  fluid  prepared  by  adding  ammonium  hydrate  to  a  solu- 
tion of  magnesium  sulphate  and  re-dissolving  the  precipitate  with  ammonium 
chloride).  After  standing  for  at  least  twelve  hours,  the  precipitate  is  collected 
on  a  weighed  filter,  washed  with  a  mixture  of  one  volume  of  ammonium  hydrate 
and  three  volumes  of  water  till  free  from  chlorine,  dried  for  three  hours  at  22o°F. 
and  weighed.  If  only  dried  at  212°  F.  the  drying  will  occupy  a  considerably 
longer  time.  The  results  are  usually  a  trifle  too  low.  The  following  calcu- 
lation is  applied : — 

Weight  of  precipitate  x  i5o_  (  amount  of  arsenic  in  the 


{ 


380  (  sample  taken  for  analysis. 

ESTIMATION  OF  COBALT. 

As  Fotassinm  CohaltonB  Nitrite. 

Cobalt  is  most  accurately  estimated  in  this  form.  The  solution  is  concen- 
trated to  a  small  bulk,  the  excess  of  acid  is  neutralized  with  potash,  and  excess 
of  potassium  nitrite  and  a  little  acetic  acid  (to  keep  the  solution  slightly  acid 
to  test-paper)  are  then  added.  After  the  lapse  of  twenty-four  hours,  all  the 
cobalt  will  have  crystallized  out  as  potassium  cobaltous  nitrite.     This  salt  is 


_  flte  insoluble  in  the  moilier  liquor,  but  sliglitly  so  in  pure  water.     For  the 
washing,  a  io%  solution  of  poiassiuiii  acetate  is  used,  wherein  the  salt  is  also   ■ 
l&Boluble,  and  the  acetate  is  afierwartis  removed  by  washing  with  alcohol.     A    ' 
weighed  filter  is  used  and  after  drying  and  weighing,  the  following  calculation 
is  applied  :— 

Weight  of  precipitate  X  117-6      f  amount  of  cobalt  in   the 
S6y6  I  sample  taken  for  analysis. 

KSTUUTION  OF  NICKEL.  | 

As  UetaL 
solution  is  precipitated  with  excess  of  sodium  hydrate  and  boiled. 
The  precipitate  is  washed  with  boiling  water,  dried,  ignited,  and  weighed. 
The  ignited  residue,  or  a  known  portion  of  it,  is  now  introduced  into  a  weighed 
gUas  tube  and  reduced  at  red  heat  by  a  current  of  hydrogen.  The  reduced 
meullic  nickel  is  aftenvards  weighed. 

ESTDIAIIOK    OF    UAHOAITESE. 
As  Uanganoso-manganeBic  Oxide. 

Manganese  is  best  estimated  in  this  form.  The  solution  for  analysis,  tf  ' 
Strongly  acid,  is  neulraliaed  with  ammonium  hydrate  and  precipitated  by  am- 
nionium  sulphide.  The  precipitated  manganous  sulphide  is  washed  with 
water  containing  ammonium  sulphide,  and  dissolved  in  acetic  acid.  Chlorine 
gas  is  passed  through  the  liquid  until  all  the  manganese  precipitates  as 
manganic  peroxide,  which  is  then  collected,  washed,  and  calcined  in  a 
weighed  crucible  to  bright  redness.  This  forms  Mn^O^;  the  crucible  and 
the  contents  having  been  cooled  and  weighed,  the  weight  of  the  crucible  itself 

I"  '*~'"'-led,  and  the  following  calculation  employed  :— 
ht  of  precipitate  X  165  _  (  weight  of  manganese  in  the  amount  of 
339  (  substance  taken  for  analysis. 

>h 
b 


ESTDCATIOK  OF  ZINC. 
As  Zinc  Oxide, 
e  solution  of  the  zinc  salt  (freed  from  other  melals  if  necessary)  is  pre- 


boilingwith  sodium  carbonate,  and  the  solution  t-oilcd  well-  The 
pfecipitate  is  allowed  to  settle,  washed  by  decantalion  with  boiling  water, 
filtered  out,  and  dried.  It  is  then  inUoduccd  into  a  weighed  crucible, 
ignited  for  some  time  at  a  bright  red  heat,  cooled,  and  weighed.  The  ignition 
changes  the  precipitated  zinc  carbonate  10  oxide,  and  it  is  weighed  as  such. 
Or  the  solution  is  precipitated  with  ammonium  sulphide,  the  zinc  sulphide 
collected  on  a  filter,  washed  with  dilute  ammonium  sulphide,  dried,  ignited, 
and  finally  weighed  as  oxide.  This  process  is  useful  when  only  small  inian- 
dticB  of  zinc  arc  present.     The  calculation  is  as  follows : — 

Weight  of  precipitate  x  65  _  f  weight  of  zinc  in  the  <)uantity 
81  "   (  taken  for  analysis. 

ESTIUATION  OF  IRON. 
(a)  As  Ferric  Oxide. 
t  solution  {freed  if  necessary  from  other  metals,  phosphate*,  and  organic 
tnattcr)  is  boiled  with  a  few  drops  of  nitric  acid   to  insure  that  the  whole    j 
of  the  iron  is  in  the  ferric  slate.     Excess  of  ammonium  hydrate  is  added,  j 
■  I  whole  boiled,  and  rapidly  filtered.     The  prccipiuied  ferric  hydrate  1 


washed  with  boiling  water,  dried,  and  ignited  in  a  weighed  crucible  ibr  Si 
'  time.      'i'he   crucible  a.nd  contents  are   weighed,    and    the    weight  of  the 
crucible  havitig  been  deducted,   the    following    calculation   is  ajtplied^ 
Weight  of  precipitate  >■  1 1 1  _  f  weight  of  iron  in  the  quantl^  of 
^60  I     substance  taken  for  analysis. 

In  the  presence  of  organic  matter  such  as  clttic  or  tartaric  adds,  the  iroa 
must  first  be  separated  by  precipitation  with  ammonium  sulphide,  the  prcc^- 
tate  washed  with  dilute  ammonium  sulphide,  redissolved  in  hydrochloric  tad, 
boiled,  oxidized  by  potassium  chlorate,  and  then  precipitated  with  aiuinoniua 
hydrate,  as  directed. 

(A)  Indirect  Estimation  by  means  of  Metallic  Copper. 
When  an  iron  solution  is  free  from  metals  acted  upon  by  copper,  such  « 
cUprie,  arsenic,  and  mercury  salts,  it  is  first  of  all,  if  necessary,  complael; 
'  oxidized  with  hydrochloric  acid  and  potassium  chlorate,  and  the  free  chlwine 
is  entirely  expelled  by  prolonged  boiling.  The  solution  is  now  introdieed 
into  a  flask,  and  the  latter  is  fitted  with  a  perforated  cork  provided  wilh  1 
long  narrow  open  glass  tube,  Before  closing  the  flask  a  few  ckan  aod 
weighed  pieces  of  metallic  copper  are  introduced.  The  liquid  is  now  boiW 
till  almost  quite  colourless  (not  till  faint  greenish  blue,  as  said  in  some  irorkl). 
The  solution  is  then  poured  out  of  the  flask,  and  the  copper,  having  beta 
rapidly  washed  with  boiling  water,  is  taken  out  and  rinsed  will)  absolute 
alcohol.  On  no  account  must  it  be  rubbed,  notwithstanding  it  may  »ppea 
blackish.  After  drying  it  is  weighed,  and  the  /oss  calculated  to  iron;— 
Loss  K  56 


635 


-  -  amount  of  iron  in  the  sample  taken  for  analysis. 


This  process  is  based  upon  the  fact  that  ferric  chloride,  boiled  with  f'T^'^  — 
chloric  acid  and  copper,  yields  ferrous  and  cuprous  chlorides.  This  pT""**™ 
is  not  available  in  the  presence  of  nitric  acid. 


> 


ESTIMATION  OF  ALUMINIUM:. 
As  Alnminic  Oxide.. 
It  is  in  this  form  that  aluminium  is  always  estimated.     The  solutio^fl 
taining  the  alum  or  other  salt  of  the  metal  (which  must  be  free  from  il>~~ 
earthy  phosphates)  is  precipitated  with  a  slight  excess  of  ammoniuni  1^ 
and  boiled  until  it  only  smells  very  faintly  of  ammonia.     The  i 
aluminic  hydrate  thu^  obtained  is  filtered  out,  washed  with  boiling  wata 
dried.     The  dry  lilter  and  its  contents  are  transferred  to  a  weighed  f  * 
crucible,  and  ignited  to  bright  redness  for  some  time,  allowed  to  c 
weighed.     The  weight  of  the  crucible  having  been  deducted,  the  IbUt 
calctilation  is  then  applied  1 — 

Weight  of  precipitate  x  55  _  /  weight  of  aluminium  in  the  quM 

103  I      of  substance  taken  for  analyufbl 

ESTIMATION  OF  CEEOMIUM. 
As  Chromic  Oiide. 
Salts  of  chromium  are  at  once  precipitated  with  ammonium  hydrate  a 
precipitate  washed,  dried,  ignited,  and  weighed  as  CrjOj.     Soluble  chi 
are  first  reduced  by  means  of  hydrochloric  and  sulphurous  acids,  or,  instead 
of  the  latter,  spirit  of  wine  may  be  used.     The  following  is  the  process  t 
for  the  estimation  of  chromium  in  the  native  chrome-iron  ore : — The  j 


Teduce<l  to  powder,  which  cannot  be  done  too  thoroughly,  as  a  correct  analysis 
will  be  secured  if  it  be  carefully  pulverised,  and  dried  at  the  heat  of  boiling 
water.  rUce  tn  a  good-sized  platinum  crucible  5  grammes  of  the  powdered 
ore,  with  6  grammes  potassium  acid  sulphate ;  heat  for  a  quarter  of  an  hour, 
■t  B  temperature  slightly  in  excess  of  the  fusing  point  of  ihe  latter  substance  j 
•fter  whjch  (for  10  minutes)  increase  the  heat  until  the  crucible  becomes 
reddened,  when  sulphuric  acid  fumes  will  be  evolved.  By  increasing  the 
temperature  still  more,  the  remainder  of  these  fumes  will  be  driven  off,  and 
idtc  fcrrochromic  sulphate  partly  decomposed.  Three  grammes  pure  sodium 
carbonate  must  now  be  added.  Fuse,  and  add,  in  small  portions  at  a  time, 
3  grammes  potassium  nitrate,  maintaining  for  an  hour  a  dull  red  heat ;  but 
(br  the  last  fifteen  minutes  a  higher  temperature  may  be  allowed.  Cool  the 
mass,  treat  it  with  boiling  water,  filter,  wash  the  residue  with  hot  water.  (This 
nsidue  should  be  tested  by  digestion  in  heated  hydrochloric  acid,  and  any 
insoluble  portion  remaining  must  be  again  treated  as  before).  The  alkaline 
lolution,  which  frequently  contains,  in  addition  to  chromic  acid,  silicic,  titnnic, 
ibd  manganic  acids,  besides  aluminium,  must  be  evaporated  on  a  water-bath 
nearly  to  dryness  in  the  presence  of  ammonium  nitrate  in  excess,  until  all  free 
ammonia  is  driven  off.  After  water  has  been  added,  the  silicic  and  titanic 
icids,  with  the  aluminic  and  manganic  oxides,  will  remain  insoluble ;  but  the 
chromic  acid  is  dissolved,  and  is  to  be  treated  as  follows  : — 

The  filtrate  is  acidulated  by  HCl,  mixed  with  sulphurous  acid  in  excess, 
md  slowly  heated  to  ebullition.  Ammonium  hydrate  being  added  in  slight 
Excess,  boil  again  for  a  little  lime,  wash  the  precipitated  chromic  hydrate 
repeatedly  on  a  filter,  until  the  washings  are  entirely  free  from  sulphuric  acid. 
Dty  the  precipitate,  and  ignite  ;  when  it  will  be  found  to  contain  alkaline 
tjiromate,  owing  to  the  washing  not  having  removed  the  whole.  Before 
yeighing,  boil  with  water;  add  a  few  drops  of  sulphurous  acid,  then 
junmonium  hydrate,  filter  again,  dry,  and  finally  ignite  in  a  weighed  crucible. 
The  weight  of  chromic  oxide,  thus  yielded  by  the  amount  of  the  ore  taken 
!fbr  analysis,  calculated  to  percentage,  gives  the  value  of  the  sample  for  com- 

I'  1  purposes. 
I  ESTIMATION  OF  BARIDM. 

I  Ab  Barium  Sulphate. 

am  is  estimated  by  weighing  out  a  known  quantity  of  the  sample,  dis- 
;in  boiling  water,  and  adding  excess  of  sulphuric  add.     The  whole  is 
itfaen  boiled  rapidly  for  a  few  minutes,  and  set  aside  to  settle. 

The  clear  liquor  is  poured  off  as  closely  as  possible,  and  the  precipitate 
collected  on  a  filler  of  Swedish  paper,  and  washed  with  boiling  water.  The 
filter  and  precipitate  are  next  dried  and  ignited  in  a  weighed  platinum 
crucible  (the  precipitate  being  removed  as  perfectly  as  possible  from  the 
paper,  and  the  latter  first  burned  separately  on  the  crucible  lid.  and  the  ash 
added  to  the  contents  of  the  crucible,  to  avoid  the  reduction  of  BaSO^  to 
BaS,  by  the  carbon  of  the  paper).  The  crucible  and  its  contents  having  been 
weighed,  and  the  weight  of  the  crucible  deducted,  the  difference  equals  the 
which  is  now  to  be  calculated  for  barium,  thus : — 
Difference  x 


"33 


-  =  Ba  in  weight  of  sample  taken  for  analysis. 


ESTDEATION  OF  CALCIUV. 
As  Calcium  Carbonate  or  Calcium  Oxide. 
^The  solution  of  the  lime  salt  is  mixed  with  ammonium  chloride,  and  is  then 
Jtrongly  alkaline  by  ammonium  hydrate.     Should  any  precipitate  (for 
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instance,  calciurn  ptiosphate)  fomi,  it  is  redtssolved  by  meaDS  of  acetic  aciil, 
iind  any  insoluble  residue  is  removed  by  filtration.  Aramonium  oxoble  t» 
now  added  in  excess.  The  precipitated  calcium  oxalate  is  boiled  for  a  in 
minutes,  filtered,  the  precipitate  washed  until  free  from  oxalates  ^  the  filw 
and  contents  are  dried  at  zia^F.  The  precipitate  is  now  oirefully  trau- 
fened  to  a  tared  platinum  crucible,  and  heated  gently  at  first,  but  afierrtids 
more  strongly,  the  filler  being  burnt  on  the  lid  until  the  ash  is  white,  and  llm 
placed  in  the  crucible.  Finally,  the  whole  is  ignited  strongly  in  the  blowpipe 
flame  for  half  an  hour,  cooled,  and  weighed.  The  contents  of  the  crudUe 
are  calcium  oxide  ;  the  oxalate  producing  first  carbonate  and  theu  oxide  whta 
ignited.  The  blowpipe  flame  is  reiguisite  to  ensure  the  complete  reducliOD  of 
the  carbonate  to  oxide.  Some  chemists  prefer  to  moisten  the  caldum  cu- 
bonate  with  a  solution  of  pure  ammonium  carbonate,  evaporating  to  iliyot^ 
heating  until  no  more  fumes  are  evolved,  and  then  weighing  as  carbomlfe 
'I'he  great  amount  of  loss  relative  to  the  weight  of  the  precipitate  which 
would  accrue  if  a  portion  of  the  carbonate  were  to  become  accidentally  re- 
duced to  oxide,  inclines  us  to  prefer  the  former  method.  The  following  Cl' 
culalion  is  now  applied  : — 

Weight  of  precipitate.  40  ^  ^[.j^^  ;„  ,1,,  ^^^^.j  ,^^  f^,  ^^ 
looCaCOs,  or  56CaO  ' 


ESTIMATION  OF  STRONTIUM. 
As  Strontium  Carbonate. 
The  solution  containing  the  strontium  compound   is   precipitated  J 
ammonium  carbonate  and  boiled.    The  carbonate  is  collected  on  air 
washed  with  hot  water,  dried,  ignited,  and  weighed.     Acids,  such  a 
phoric,  which  form  with  strontium  compounds  insoluble  in  dilute  a 
must  be  first  removed.     The  following  calculation  is  applied  :— 

Weight  of  the  carbonate  x  Sy-j  _  f  weight  of  strontium  in  the  \ 
'  '47~5  '  I    sample  taken  for  analyas.    ( 


ESTIMATION  OF  MAGNESITTM. 
Aa  Magnesium  Pyrophosphate. 
The  solution,  which  must  not  be  over-diluted,  is  mixed  with  some  \ 
nium  chloride,  and  then  with  one-third  of  its  bulk  of  ammonium  1 
Should  the  solution  be  very  acid,  the  excess  of  acid  must  first  be  nn 
by  ammonium  hydrate.  When  the  solution  has  entirely  cooled,  1 
di-sodium  hydrogen  phosphate  is  added,  and  the  whole  allowed  10  si 
twelve  hours.  Care  must  be  taken  not  to  touch  the  sides  of  the  bea 
the  stirring  rod,  as  otherwise  particles  of  the  triple  phosphate  will  a^jl 
them  so  tenaciously  that  they  can  only  be  removed  with  great  difficulty, 
precipitate  is  collected  on  the  filter  and  washed  with  a  mixture  of  one  voluaM 
of  ammonium  hydrate  and  three  volumes  of  water,  till  the  washings  are  ftee 
from  chlorine  and  dried.  The  precipitate  is  now  detached  from  the  filter  ud 
put  into  a  weighed  platinum  crucible,  the  filter  is  burned  in  the  lid,  the  ash 
added  to  the  contents  of  the  crucible,  and  the  whole  ignited  by  means  of  a 
Bunsen  burner;  and  when  a  large  quantity  of  phosphate  has  been  obtainedt 
finally  ignited  before  the  blow-pipe.  After  weighing,  the  following  calcu' 
is  applied : — 

Weight  of  the  phosphate  »  48  _  ("amount  of  magnesium  in  the 


sample  taken  for  anal^rsis. 


It  somctiroes  happens  that  the  phosphate,  even  after  prolonged  ignition,  is 
y  black.  In  that  case  it  is,  after  cooling,  thoroughly  moislcned  with  nitric 
L  .carefully  dried,  and  re-ignited,  when  it  will  be  found  to  be  perfectly 


ESTIHATIOK  OF  POrASSHTM. 
(a)  As  Potassium  Flatino-Chloride. 
f solution,  which  must  be  free  from  other  metals,  but  may  contain  calcium, 
lium,  and  sodium  compounds  (as  tlieir  presence  does  not  interfere  with 
>cess),  is  first  of  all  precipitated  with  excess  of  barium  chloride,  which  ' 
throws  down  sulphuric,  phosphoric,  etc,  acids.  Barium  hydrate  or  some  milk  of 
lime  is  now  added  in  slight  excess,  when  any  magnesia  will  also  be  thrown 
dowD.  To  the  filtered  liquid  excess  of  ammonium  carbonate  is  added,  the 
precipitate  is  separated  by  the  filter  and  the  fluid  evaporated  in  a  platinum 
crucible  to  dryness,  best  on  the  water-bath.  VVhen  quite  dry  it  is  covered  with  a 
platinum  lid  and  gently  heated  as  long  as  white  ammoniacal  fumes  are  visible. 
The  residue,  which  will  now  consist  of  potassium  chloride,  together  with 
perhaps  sodium  chloride,  is  however  not  quite  ht  for  weighing,  and  must  be 
purified.  This  is  done  by  redissolving  in  water  and  adding  a  little  ammonium 
carbonate, 'when  a  slight  precipitate  will  form.  After  filtering,  the  fluid  is 
evaporated,  this  time  in  a  weighed  platinum  basin  covered  with  a  weighed  lid 
OR  the  water-bath,  and  when  dry  the  residue  is  gently  heated  to  faint  redness 
for  a  minute,  and  cooled.     When  no  sodium  is  present  it  will  now  be  pure 

■ium  chloride  and  may  be  weighed  as  such,  and  the  following  calculation 
I— s ; 5?  =  potassium  in  the  sample  taken  for  analysis ; 
ould  it  contain  sodium  chloride  it  is  dissolved  in  the  smallest  amount 
Of  water,  Iransferred  to  a  small  porcelain  basin,  and  mixed  with  a  gw^  excess 
of  solution  of  platinic  chloride.  The  whole  is  evaporated  to  dryness  on  a 
water-bath  kept  at  a  temperature  of  about  aoo°F.  When  quite  dry  it  is  again 
digested  with  a  few  drops  of  platinic  chloride  solution,  to  make  sure  that  all 
the  sodium  will  be  in  the  stale  of  sodium  plaiino-chloride.  This  sodium 
compound  and  the  excess  of  platinic  chloride  are  now  removed  by  spirit  of 
wine  of  60  O.P.,  the  precipitate  is  collected  on  a  weighed  filter,  washed  , 
with  ^cohol  till  the  washings  appear  quite  colouiiess,  dried  at  sii^F.,  and 
waghed.     The  following  calculation  is  now  ajtplied  : — 

Weight  of  potassium  plaiino-chloride  x  78      (  weight  of  potassium  in  the 
489  \  sample  taken  for  analysis. 

{(<)  Ab  Sulphate. 

■  method  is  applicable  where  we  have  lo  deal  with  a  potash.salt  conUin- 

"iSja  volatile  acid.  The  solution  is  mixed  with  excess  of  sulphuric  acid  arid 
evaporated  in  a  weighed  platinum  basin.  When  fumes  of  sulphuric  acid 
become  visible,  the  basin  is  covered  over  with  a  lid  or  foil  which  has  been 
weighed  together  with  the  crucible,  and  gradually  heated  till  fumes  cea«e. 
While  red-hot  the  foil  is  lifted  up  a  little,  and  a  small  lump  of  ammonium 
carbonate  put  in  the  crucible,  which  operation  is  repeated  after  a  few  minute*. 
The  object  of  introducing  the  ammonium  carbonate  is  lo  remove  the  last 
traces  of  free  suljihuric  acid.  After  weighing,  the  following  calculation  is 
Applied  1 — 

Weight  of  the  sulphate  -  78  _.  (  polasalum  in  the  sam 
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j,     ukcn  for  an^ysis. 


ESTIMATION  OF  SODIUM. 
(a)  As  Sodium  Chloride. 
Proceed  in  ihe  same  way  as  for  potassium. 
Weight  of  sodium  chloridi 


— weight  o(  sodium  in  the  &unpl& 

S»'5 

(6)  As  Sodiom  Sulphate. 
As  for  potassium. 

Weight  of  the  sulphate "  46        j-       ■     t  . 
— -' =  sodium  in  the  sample. 

ESTIMATION  OF  AMMONIUK. 

As  Ammoniiun  FlAtino-Chloride. 

If  the  solution  contains  other  basylous  radicals,  a  known  quantity  of  j 

f  distilled  with  some  slaked  lime  in  a  suitable  apparatus,  and  the  dHlf 

'  received  into  dilute  hydrochloric  add.     About  three-fourths  is  distilled  6^^^ 

The  distillate  is  then  evaporated  to  dryness  with    excess  of  pure   plaliiBC 

chloride  (free  from  nitro- hydrochloric  acid).     The  dry  residue  is  now  treated 

with  a  mixture  of  two  volumes  of  absolute  alcohol  and  one  of  ether,  collected 

on  a  weighed  filler,  washed  with  the  said  ether  mixture,   dried  at   iia*"" 

IDd  weighed.     The  following  calculation  is  now  applied : — 

Weight  of  the  double  chloride  "  36      f  ammonium  in  the  quanti^  ' 
442"        '  t        taken  for  analysis. 


III.   GEAVIMETRIC   ESTIMATION   OF    ACIDULOUS 

RADICALS. 

1.  HYDROCHIOEIC  ACID  AND  CHLORIDES. 

The  solution  containing  the  acid  or  a  chloride  is  precipitated  with  a 

'■nitrate.     Nitric  acid  is  then  added,  and  the  whole  warmed  and  slii 

the  liquid  is  perfectly  clear.  The  precipitate  is  now  treated  as  directed  ^ 
Silver),  p.  165.  After  weighing  the  chloride,  the  following  cajculatioi 
applied  r — 

Weight  of  the  argentic  chloride  x  36'5_  f  hydrochloric  acid  ia  I 

i4yg  ~        t  sample  taken  for  antdySK  l| 

3.  HTDBIODIC  ACID  AND  IODIDES. 

3.  H7DR0BB0mC  ACID  AND  BR0UIDE3. 

4.  HYDHOCTANIC  ACID  AND  CTANIDER 
The  process  for  each  of  these  acids  is  practically  the  same  as  for  bri 

Ji^oric  acid.     The  argentic  cyanide  is,  however,  collected  and  weighed  V 
I   a  weighed  filter.     The  argentic  iodide  and  bromide  are  treated  like  the  1 
ride  ;  but  if  a.  filler  is  used,  it  must  be  a  weighed  one.  The  filter  is  aftei 
reweighed,  and  the  increase  in  weight  is  the  amount  of  argentic  ioc"* 
bromide  lost  during  the  washing  by  decantation.     The  following  calci 
are  respectively  applied  : — 
For  the  hydriodic  acid — 

Weight  of  the  iodide  x  128  _  ( weight  of  hydriodic  add  in 
135  ~  i.  the  sample  taken  for  analysis. 


hydrocyanic  acid  in  the 
iple  taken  for  analysis. 


ATIOH  OF  AN  IODIDE  IM  THE  PEE3ENCE  OF  A  CHLORIDE 
AND  A  BBOUIDE. 

By  palladiom.  The  solution,  slightly  addilied,  h  precipitated  with  excess  of 
palUdJous  chloride  or  nitrate.  The  whole  is  then  allowed  (o  stand  in  a  wann 
I^lace  for  twenty  four  hours,  so  that  the  precipitate  may  thoroughly  settle.  The 
Bbpematant  liquor  is  poured  off,  and  the  precipitate  having  been  collected  on 
a  filter,  and  washed,  is  placed  in  a  weighed  platinum  crucible  and  ignited. 
The  whole  is  then  again  weighed,  and  the  weight,  less  that  of  the  crucible, 
equals  the  amount  of  metallic  palladium  left  after  ignition.  Now  loo  parts  of 
the  metal  combine  with  239-6  parts  of  iodine  in  the  precipitate,  therefore  the 
Weight  of  the  metal  left  after  ignition  x  1-396  =  the  amount  of  iodine  in  the 
veight  of  the  sample  taken  for  analysts. 

B.  UnTUAL  ESTIMATION  OF  CI.  Br,  AND  I  IN    THE    FBESENCE  OF 
EACH  OTHER. 

'  Observation  has  revealed,  that  although  argentic  bromide  is  converted  into 
Bie  chloiide  by  hydrochloric  acid,  and  the  iodide  into  the, bromide  by  hydro- 
tM^mic  acid,  yet  the  potassium  salts  of  hydriodic  acid  will  decompose,  not  only 
^JUgCDtic  bromide,  but  also  argentic  chloride;  and  that  potassium  bromide 
also  reacts  upon  argentic  chloride. 

This  being  recognised,  and  a  solution  of  a  known  quantity  of  the  mixed 
nits  being  made,  divided  into  three  equal  volumes,  and  slight  excess  of  argen- 
tic nitntie  added  to  each,  three  precipitates  are  obtained,  which  are  to  be 
washed  till  free  from  sohihle  matter.  The  first  of  these  must  then  be  dried 
aad  weighed.  The  second  digested  with  KBr,  washed,  dried,  and  weighed. 
Tfae  third  digested  with  KI,  washed,  and  also,  after  being  rendered  free  from 
moisture,  weighed.  From  these  three  results  the  amounts  of  CI,  Br,  and  I 
an  to  be  deduced  by  a  calculation  based  on  the  difference  of  the  molecular 
.weight  of  AgCl,  AgBr,  and  Agl. 
The  first  weighing  is— 

AgCl  +  AgBr  +  Agl. 
The  second  is — 

AgBr  +  Agl,  and  is  consequently  increased  as  35 '5  is  to  80. 
The  third  is  entirely  Agl,  and  is  consequently  increased  as  80  is  to  127, 

7.  SULPHIDES 

'Are  best  analyzed  by  fusion  with  a  large  excess  of  a  mixture  of  potassium 
Bitnte  and  carbonate,  extracting  the  fused  mass  with  water,  filtering,  acidu- 
bting  with  hydrochloric  acid,  adding  excess  of  barium  chloride,  and  proceeding 

pS  for  a  sulphate  ;  but  calculating  at  the  last  to  sulphur  instead  of  sulphuric 
add.  Some  sulphides  can  be  dissolved  in  nitric  acid  or  in  aqua  regia,  both 
of  «^ch  convert  the  sulphur  into  sulphuric  acid,  but  the  fusion  is  always  the 
most  accurate  method. 

VOL.    II.  » 
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8.  SULPHTJEIC  ACID  AlH)  SULPHATES. 

^    As  Baxinm  Sulphate. 

To  the  solution  of  the  sulphate  hydrochloric  acid  is  added,  then  excess  of 
barium  chloride,  and  the  whole  boiled.  When  quite  clear,  a  little  more  barium 
chloride  is  added,  to  ascertain  whether  all  the  sulphuric  acid  has  precipi- 
tated. The  precipitate  is  now  treated  precisely  as  in  the  barium  estimation 
and  the  following  calculation  applied  : — 

Weight  of  precipitate  x  80  _  f  weight  of  sulphuric  anhydride  in 
233  \    the  sample  taken  for  analysis. 


9.  NITBXC  ACID. 

{a)  In  Alkaline  Nitrates. 

If  nitric  acid  be  required  to  be  estimated  in,  say,  ordinary  nitre,  the  sample 
must  first  be  heated  to  fusion  to  remove  moisture,  and  then  be  quickly 
powdered.  A  known  quantity  of  it  is  now  mixed  in  a  platinum  crucible  with 
(exactly)  4  times  its  weight  of  plumbic  sulphate.  The  mixture  is  ignited  till 
it  ceases  to  lose  weight,  and  the  loss  will  just  represent  the  amount  of  nitric 
anhydride  in  the  sample  taken  for  analysis. 

If  plumbic  sulphate  is  used,  the  reaction  is  represented  by  the  following 
formula : — 

PbSO^  +  2KNO3  =  PbO  +  K2S0^  +  2NO2  +  O. 

(b)  By  Conversion  into  Ammonia. 

The  nitrate  is  converted  into  ammonia  by  the  action  of  nascent  hydrogen, 
thus — 

HNO3  +  4H2  =  NH3  +  3H3O. 

The  nascent  hydrogen  may  be  applied  in  various  ways,  as  follows  : — 

1.  By  distillation  with  sodium  hydrate  and  metallic  aluminium,  and 

receiving  the  evolved  ammonia  into  a  known  volume  of  standard 
acid. 

2.  By  acting  on  the  nitrate  for  12  hours  with  zinc  or  iron  and  dilute 

sulphuric  acid,  and  then  adding  excess  of  sodium  hydrate,  and 

distilling  off  the  ammonia  into  a  known  volume  of  standard 

acid. 

In  any  case,  the  standard  acid  used  is  then  volumetrically  checked  back  by 

standard  sodium  hydrate,  and  the  excess  of  acid  used  over  that  of  alkali  gives 

the  amount  of  standard  acid  neutralized  by   the  ammonia.     This  amount, 

having  been  multiplied  by  the  strength  of  the  acid  in  each  c.c,  is  calculated 

to  ammonia.     Then — 

Ammonia  found  x  54  _  f  amount  of  anhydrous  nitric  acid  in 
Ty  (      the  quantity  taken  for  analysis. 


10.  PHOSPHOBIC  ACID  AND  PHOSPHATES. 

This  acid  is  always  weighed  as  magnesium  pyrophosphate  j  but  several  cases 
^ay  occur. 


PHOSPHORIC  ACW~PUOSPHATF.S. 


(ii)  Alkaline  Phospliates. 

They  are  at  once  precipitated  with  ammonium  hydrate  and  magnaia 
mtii^itrt,  and  the  precipitate  ts  treated  as  directed  under  Magnesium.  Should 
diey  contain  the  acid  as  meta-  or  pyro-  acid,  they  roust  first  either  be  boiled 
with  strong  nitric  acid  for  one  hour,  or  be  fused  witli  potassium  sodium  car- 
bonate. After  the  weighing  of  the  magnesium  pyrophosphate  the  following 
Cslculation  is  applied  : — 

Weight  of  precipitate  x    142  ^  f  phosphoric  anhydride  in  the 
222  t   sample  taken  for  analysis. 

{b)  Phosphoric  Acid  in  the  Presence  of  Lime  and  Uagniesia. 

The  solution  (which  must  contain  ortho phosphoric  acid,  or,  failing  that, 
should  be  boiled  with  HNO^  as  aliove)  is  precipitated  with  ammonium 
hydrate,  the  precipitate  re-dissolved  in  the  smallest  amount  of  acetic  acid,  the 
Inne  precipitated  with  ammonium  oxalate,  and  the  phosphoric  acid  pre> 
cjpitsted  in  the  filtrate  by  adding  ammonium  hydrate  and  magntiia  mixture. 
Before  precipitation  this  filtrate  should  be  evaporated  to  a  bulk  of  3  ounces. 
iTiis  process  is  suitable  for  determining  the  "  Soluble  phosphates "  in  an 
artificial  manure. 

(^)  PhoBphoric  Acid  in  the  Presence  of  Iron  and  Altunininm. 

The  solution  is  mixed  with  excess  of  ammonium  acetate,  boiled,  and  ferric 
chloride  added  tilt  a  dark-brown  precipitate  forms.  This  is  washed  with 
bcnlijig  water  and  redissolved  in  a  small  quantity  of  dilute  HCl.  About  five 
ffoiaxaes  (or  more)  of  citric  acid  are  now  added,  and  when  quite  cool  a  few 
<VC  of  the  solution  are  mixed  in  a  test-tube  with  excess  of  ammonium  hydrate, 
^ould  this  give  a  lemon  colour,  it  is  all  right;  but  should  the  colour  be 
browniah,  it  is  a  sign  that  sulhcient  citric  acid  ha£  not  been  added.  In  that 
case  supersaturate  the  ammoniacal  solution  with  HCl,  mix  it  again  with  the 
balk  of  the  liquid,  and  add  more  citric  acid,  when  the  same  test  is  to  be  again 
applied.  If  satisfactory!  the  tested  portion  is  added  to  the  main  liquid,  and 
Unmonium  hydrate  is  added  to  the  whole  b  large  excess,  and,  after  cooling^ 
m^JKsia  mixfur/r. 

(•/)  Separation  ft-om  All  Metals. 

If  necessary,  the  acid  solutionis  heated  and  precipitated  with  H^S  to  remove 
■isenic.  The  excess  of  H,S  is  boiled  off,  and  large  excess  of  nitric  acid  is 
added.     An  excess  of  ammonium  molybdate  dissolved  in  nitric  acid  is  now 

Eaured  in,  the  liquid  boiled,  and  finally  allowed  to  stand  for  at  Itast  tivelve 
ours  in  a  warm  place.  The  precipitate  is  filtered  olT,  washed  with  water 
containing  a  Httle  molybdate  solution,  redissolved  in  dilute  ammonium 
hydrate,  and  the  phosphoric  acid  precipitated  by  Magnesia  mixture.  This 
process  is  the  best  for  determining  the  total  phosphoric  acid  in  manures, 
ilites,  etc 


11.  ARSENIC  ACID  AND  AESENIATES 

\t  estimated  precisely  like  phosphates ;  but  the  precipitate  of  ammonium 
I  magnesium  arseniate  is  dried  at  220^  F.  on  a  weighed  filter,  as  already  directed 
I  undei  arsenic.  The  precipitate  thus  dried  is  j(MgNHjAsO^).H,0;  or,  for 
\  aimplidty  of  calculadon,  MgNH,.\sO,.iH30. 


12.  CARBONIC  ACID. 
Direct  Estimatioii  in  Caxbonatee. 
A  carbonate  is  estimated  by  tlie  loss  of  weight  it  undergoes  by  Ui^_ 
placement  of  its  carbonic  anhydride  by  an  acid.  A  small  and  light  flask  s 
pnjcured,  and  fitted  with  a  cork  through  which  passes  a  lube  contafiung 
frAgments  of  calcium  chloride,  A  weighed  quantity  of  the  carbonate  is 
introduced  into  the  flask  with  a  little  water,  and  a  small  icst-tiibe  about  two 
inches  long  is  filled  with  sulphuric  acid  and  dropped  into  the  flask,  80  ihM, 
being  supported  in  an  upright  position,  none  of  the  acid  shall  mix  with  the 
carbonate.  The  cork  is  put  in,  and  the  weight  of  the  whole  apparatus  having 
been  carefully  noted,  it  is  inclined  so  as  to  allow  the  acid  to  mo  frant  the 
I  small  lube  into  the  body  of  the  flask.  Efiervescence  sets  in,  the  carbonate 
i  dissolved,  and  the  COj  escaping  through  the  calcium  chloride  tube,  i» 
deprived  of  any  moisture  it  might  carry  with  it  When  all  action  has  ceased^ 
and  the  whole  has  cooled,  it  is  once  more  weighed.  The  difference  bctwctn 
the  two  weights  gives  the  amount  of  CO3  evolved,  and  then 

^ — ■ =  amount  of  CO^  radical  in  die  weight  of  sample  taken. 

13.  OXALIC  ACID. 
(17)  Ab  Calciom  Carbonate. 
The  solution  containing  the  acid,  or  its  potassium  or  sodium  salt,  is  made 
'    alkaline  with  ammonium  hydrate,  and  precipitated  with   calcium  chloride. 
The  precipitate  is  washed  till  free  from  chlorideSy  dried,  ignited,  and  £ 
weighed  as  carbonate,      (Sec  Estimation  of  Calcium.) 

Weight  of  the  carbonate  x    126  _  J  oxalic  acid  in  the  si 
'     i^^  "  (      taken  for  analysis^ 

14.  TARTASIC  ACID. 
As  Calciom  Oxide. 
The  solution  (which  must  contain  no  olher  bases  than  Ka,  Na,  o 
made  faintly  alkaline  by  ammonium  hydrate,  and  precipitated  by  « 
caldc  chloride.     The  precipitate  is  washed,  dried,  ignited  (with  the  I 
pipe)  and  weighed  as  calcic  oxide. 

- — ='-  -  tartaric  acid  in  the  sample  taken  fw  tt 

15.  SILICIC  ACID. 
(d)  In  Solnhle  Silicates. 
By  soluble  silicates  are  meant  those  which  are  either  soluble  in  wsfi 
hydrochloric   acid.     The   solution  (which  must  contain  some  free'f 
evaporated  to  dryness  on  the  water-bath,  and  the  residue  dried  foe  I 
at  248°  F.     After  cooling,  the  mass  is  moistened  with  strong  HCI,'  a 
boiled  with  water,  thus  leaving  an  insoluble  residue  of  pure  silicic  ai " 
is  collected  on  a  filler,  washed,  dried,  ignited,  and  weighed, 

{b)  In  Insolnble  Silicates. 
These  bodies  must  be  decomposed  by  mixing  a  weighed  quantitf  9 
finely  powdered  substance  with  four  times  its  weight  of  sodium  J"' 
carbonate,  and  fusing  the  whole  for  about  half  an  hour.     When  s" 
also  to  be  estimated,  barium  hydrate  is  used  instead  of  the  double  C 
The  crucible  must  be  well  covered  during  fusion.     After  cooling,  the  H 
will  be  found  soluble  in  dilute  and  warm  HCl ;  if,  however,  much  s"" 
present,  a  jelly  will  form.    The  whole  is  now  evaporated  to  i 
treated  as  before. 
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1  ESllMATIOH  OF  CARBON  AND  HTDROQEIT. 

[&  process  is  performed  by  heating  a  weighed  quantity  of  the  substance  in 
a  tube  with  some  easily  reducible  body,  such  as  cupric  oxide  or  plumbic  chro- 
mate,  by  which  the  hydrogen  and  carbon  of  the  organic  body  are  respectively 
didized  into  water  and  carbonic  anhydride.  These  products  are  passed  first 
tUrough  a  previously  weighed  tube  containing  calcium  chloride,  which  retains 
Ibe  water,  and  then  through  a  bulb  apparatus  containing  potassium  hydrate, 
which  absorbs  the  carbonic  anhydride  and  has  also  been  previously  weighed. 
After  the  experiment  is  finished,  the  increase  in  weight  of  the  tubes  is  calcu- 
bted  thus  :— 

As  H3O  :  H,  :  :  increase  in  CaCIj  tube. 

As  CO,  :  C  :  :  increase  in  KHO  bulbs, 


The  operation  takes  place  in  a  furnace  specially  constructed,  and  known  as 

combustion  furnace.  It  consists  of  a  series  of  gas  burners  by  means  of 
which  a  bright  red  heal  can  be  gradually  applied  to  the  whole  length  of  tlie 
tabe,  which  rests  in  and  is  enclosed  by  a  bed  of  tire-clay. 

The  details  of  the  actual  process  are  as  follows  : — 

Cupric  oxide  is  prepared  by  healing  cupric  nitrate  to  bright  redness  in  a 
cnicible  ;  it  is  reduced  to  powder  while  still  warm,  and  preserved  in  a  well- 
>ltopp«red  bottle.  A  ttibe  of  hard  Hohemian  glass  (which  does  not  soften  at 
a  red  heat)  is  procured,  having  a  bore  of  about  half  an  inch  and  a  length  of 
fifteen  to  eighteen  inches.  It  is  closed  at  one  end  by  heating  in  the  blowpipe 
Sitnie  and  drawing  it  outwards  and  upwards  to  a  point,  sufficient  cupric 
oxide  to  fill  it  is  measured  out,  heated  to  expel  any  moisture  (as  it  is 
very  hygroscopic)  and  placed  in  a  well-corlted  flask  to  cool.  When  cold, 
a  little  oxide  is  introduced  into  the  tube ;  and  the  organic  substance, 
having  been  weighed  out,  is  rubbed  up  in  a  warm  mortar  with  enough 
cupdc  oxide  lo  half  fill  the  lube,  and  the  mixture  is  quickly  transferred 
to  thll  apparatus,  suliicient  cupric  oxide  to  nearly  fill  the  tube  is  then 
iatroduced,  and  lastly  a  few  bright  copper  turnings  are  put  in.  To  this 
charged  tube  is  then  attached  by  means  of  a  good  cork,  a  previously 
weighed  tube  containing  fragments  of  dry  calcium  chloride,  and  lo  this  is  in 
turo  fixed  by  an  indtarubber  joint  a  bulb  apparatus  also  previously  weighed 
and  containing  solution  of  potassium  hydrate  of  1-27  specific  gravity.  The 
tl^  is  now  placed  in  the  furnace,  and  the  glass  attachments  supported  outside 
Sjl  it  hy  appropriate  stands.  A  little  air  is  sucked  out  by  applying  the  lips  to 
the  end  of  the  potash  bulbs,  and  if  the  alteration  of  level  thus  caused '  in  the 
liquid  is  maintained  for  some  time  the  joints  are  all  perfect  \  but  if  not,  they 
must  be  re-made  until  perfectly  air-tight.     Heat  is  now  applied  to  the  front 

Kf  the  tube  by  lighting  the  first  five  or  six  burners,  and  when  that  part 
'ed-hot  the  next  burner  is  turned  on.     The  heat  is  thus  applied 
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gradually,  taking  care  that  it  is  so  regulated  as  to  produce  a  regular  slow 
passage  of  the  evolved  gases,  so  that  the  bubbles  may' be  distinctly  counted 
as  they  pass.  When  the  whole  tube  is  heated  from  end  to  end  and  all  action 
has  ceased,  the  drawn-out  point  is  broken,  a  little  pcrfecdy  dry  air  is  drawn 
through  the  whole  to  carry  the  last  traces  lof  moisture  and  carbonic  anhydride 
into  the  bulbs,  which  are  then  detached,  weighed,  and  the  increase  in  weight 
of  each  noted. 

The  following  example  of  the  results  of  the  combustion  of  a  little  pure  sugar 
will  show  the  calculation  : — 

Weight  ot  sugar  taken '475  gramme. 

Potash  bulbs  after  combustion  weighed  .     79'ii3  granmies. 

„  „      before        „  „  .        .     78*382        „ 

■ 

Difference,  due  to  COj    .        .        731         ^ 

Calcium  chloride  tube  after  combustion  weighed .     23*605  grammes. 
>,  „  before        „  ^       .     23-330        „ 


Difference,  due  to  HgO   .        .        '275 


>t 


(C)  12  X  731  ,  (Ho)  2  X  :27s  ^ ,     , 

~(CQa)  44     =  *'^^^  '''^^''''  "(HTOTiS    "  '''^''5    hydrogen. 

Total  sugar  taken '475 

Total  C  and  H  found '22996 

Difference,  due  to  oxygen        .        '24504 

Or,  in  percentage — Carbon         ......     41*98 

Hydrogen              .                  .                  .6*43 
Oxygen 5 '59 

lOO'OO 


When  the  organic  matter  is  a  liquid,  it  is  weighed  in  a  small  hermetically 
sealed  tube,  and  a  little  oxide  having  been  first  put  into  the  combustion  tube, 
the  sealed  one  is  dropped  in,  its  end  broken  by  a  wire,  and  the  whole  of  the 
rest  of  the  oxide  poured  in.     The  heat  is  applied  till  six  or  seven  inches  oV 
CuO  are  bright  red,  and  then  the  burner  underneath  the  spot  where  the  tu\:>e 
with  the  liquid  lies,  is  cautiously  applied,  so  as  to  volatilize  the  vapour  amd  • 
cause  it  to  pass  over  the  red-hot  cupric  oxide  and  so  suffer  combustion.     F-^ls 
and  other  bodies  which  cannot  be  mixed  with  the  oxide  are  weighed  ir^  ^ 
small  platinum  boat,  which  is  dropped  in  and  treated  like  the  tube  of  lict  — a^^ 
already  referred  to. 

Substances  which  are  very  carbonaceous  and  difficult  to  bum  are  best  mL       xc^ 
with  a  little  plumbic  chromate  and  then  the  rest  of  the  tube  filled  with  t^^ 

cupric  oxide.  Another  method  is,  to  produce  at  the  last  a  stream  of  j-.^^^^ 
oxygen  by  putting  a  little  pounded  and  perfectly  dry  potassium  chlorate  (raP  ixcd 
with  a  little  pure  sand  to  divide  it)  into  the  closed  end  of  the  combustion  t~  u^' 
then  some  pure  CuO,  then  CuO  plus  the  substance,  and  fill  up  as  u"  >"^ 
When  the  last  burner  is  lit,  the  potassium  chlorate  gives  off  sufficient  ox  ^"S^ 
to  clear  the  tube  of  other  gases  and  to  aid  in  the  combustion  of  th^  /35f 
particles. 
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I.  ESTUUTIOH  OF  CARBON  AND  H7DR0OEH. 

is  process  is  performed  by  heating  a  weighed  quantity  of  the  substance  in 
tube  with  some  easily  reducible  body,  sudi  as  cupric  oxide  or  plumbic  chro- 
late,  by  wliich  the  hydrogen  and  carbon  of  the  organic  body  are  respectively 
oxidized  into  water  and  carbonic  aniiydride.  These  products  are  passed  first 
t&otlgh  a  previously  weighed  tube  containing  calcium  chloride,  which  retains 
■fl»  water,  and  then  through  a  bulb  apparatus  containing  potassium  hydrate, 
llhith  absorbs  the  carbonic  anhydride  and  has  also  been  previously  weighed. 
After  the  experiment  is  finished,  the  increase  in  weight  of  the  tubes  is  calcu- 
lited  thus : — 

As  HiO  :  Hg  :  r  increase  in  CaClj  lube. 
As  CO3  :  C  :  :  increase  in  KHO  bu!bs. 
The  oper:ition  takes  place  in  a  furnace  specially  constructed,  and  known  as 
a  combustion  furnace.     It  consists  of  a  series  of  gas  burners  by  means  of 
which  a  bright  red  heat  can  be  gradually  applied  to  the  whole  length  of  the 
tube,  which  rests  in  and  is  enclosed  by  a  bed  of  fire-clay. 
The  details  of  the  actual  process  are  as  follows  : — 

Cupric  oxide  is  prepared  by  heating  cupric  nitrate  to  bright  redness  in  a 
aacible  ;  it  is  reduced  to  powder  while  still  warm,  and  preserved  in  a  well- 
■Ropptred  bottle.  A  tube  of  hard  Bohemian  glass  (v^hich  does  not  soften  at 
a  red  heat)  is  procured,  having  a  bore  of  about  half  an  inch  and  a  length  of 
fifteen  to  eighteen  inches.  It  is  closed  at  one  end  by  heating  in  the  blowpipe 
flame  and  drawing  it  outu-ards  and  upwards  to  a  point,  sutScient  cupric 
oxide  to  fill  it  is  measured  out,  heated  to  expel  any  moisture  (as  it  is 
very  hygroscopic)  and  placed  in  a  weil-corked  flask  to  cool.  When  cold, 
a  filtle  oxide  is  introduced  into  the  tube;  and  the  organic  substance, 
having  been  weighed  out,  is  rubbed  up  in  a  warm  mortar  with  enough 
cupric  ojiide  to  half  fill  the  tube,  and  the  mixture  is  quickly  transferred 
to  that  apparatus,  sufficient  cupric  oxide  to  nearly  fill  the  tube  is  tl)en 
iatroduced,  and  lastly  a  few  bright  copper  turnings  are  put  in.  I'o  this 
diarged  tube  is  then  attached  by  means  of  a  good  cork,  a  previously 
wdglied  tube  containing  fragments  of  dry  calcium  chloride,  and  to  this  is  in 
turn  fixed  by  an  indiarubber  joint  a  bulb  apparatus  also  previously  weighed 
and  containing  solution  of  potassium  hydrate  of  i'27  specific  gravity.  The 
tube  is  now  placed  in  the  furnace,  and  the  glass  attachments  supported  outside 
of  it  by  appropriate  stands.  A  little  air  is  sucked  out  by  applying  the  lips  to 
|be  end  of  the  potash  bulbs,  and  if  the  alteration  of  level  thus  caused'in  the 
liquid  is  maintained  for  some  time  the  joints  are  all  perfect  \  but  if  not,  they 
tnust  be  re-made  until  perfectly  air-tight.  Heat  is  now  applied  to  the  front 
'  jn  of  the  tube  by  lighting  the  first  five  or  six  burners,  and  when  that  part 
Jie  next  burner  is  turned  on.     The  heat  is  thus  applied 
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Rs  ascertained  by  means  of  a  volumetric  solution  of  sodium  hydrate.     The 

■.diflefente  between  the  amount  of  acid  originally  placed  in  the  bulbs  and  that 

maining  free  as  thus  asccrlained,  evidently  corresponds  to  the  amounL  of  si 

^huric  acid  neutraliied  by  the  ammonia  produced  during  the  combustion. 

mgth  of  the  acid  being  knowti,  a  simple  calculation  enables  us  to  a 

e  amount  of  the  nitrogen  evolved  in  the  form  of  ammonia. 

B  The  foUowbg  is  a  practical  example  : — 

I  Let  an  acid  be  prepared  containing  a  grammes  of  pure  hydrogen  sulphAle 
IgSO.)  in   loo  c.c,  then  ao  cc.  of  this  acid  (the  quantity  introduced  inWi 
e  bulbs)  will  correspond  to  -ij8  gramme  of  ammonia,  or  '114  gramme  of 
ilitrogen.     I^et  an  alkaline  solution  be  so  graduated  that   100  c.c     '"' 
Eieutralize  the  20  c.c  of  the  standard  acid.     If  we  now  hnd   that  the  ] 
rwhich  was  in  the  bulbs  after  the  combustion,  requires  only  70  c.c  of  the  a 


line  solution,  it  is  evident  that 


aoxjo 


=  6  c.c,  w 


e  saturated  by  the  a 


lt4X  6ax 


and  the  quantity  of  nitrogen  is  obtained  by  the  proportior 
gramme  of  nitrogen. 

{l>)  Tlie  pioceBB  of  Dntnai.    This  consists  in  measuring  the  araouot  j 
pure  nitrogen  evolved,  and  is  suitable  for  certain  organic  bases  and  for  c 
pounds  containing  nitrosyl  (NO)  or  nilryl  (NOj)  in  which  the  soda-lime  i 
to  convert  all  the  nitrogen  into  ammonia. 

The  combustion  tube  {which  in  this  case  is  twenty-six  to  twenty-eight  int 
long)  is  packed  (r)  with  six  inches  of  dry  sodium  hydrogen  carbonate;  (2)  lj 
a  little  pure  cupric  oxide  ;  (3)  with  the  weighed  substance  mixed  with  CM 
(4)  with  more  pure  CuO;  and  lastly  with  a  considerable  length  of  pure  apOi  _  , 
metallic  copjier,  and  the  whole  is  closed  by  a  good  cork  through  which  passei 
a  bent  delivery  lube  dipping  tmder  the  surface  of  mercury  in  a  small  pneuroolic 
trough.  Heat  is  first  applied  to  the  very  end  portion  of  the  NaHCOg  until 
sufficient  COj  has  been  given  off  to  entirely  drive  all  the  air  out  of  the 
apparatus,  which  is  ascertained  by  collecting  a  little  of  the  gas  passing  off  aad 
seeing  that  it  is  entirely  absorbed  by  solution  of  potassium  hydt^iie.  A 
graduated  glass  jar  is  then  filled,  one-third  with  strong  solution  of  KHO,  and 
the  remainder  with  mercury,  and  carefully  inverted  into  the  mercury  liou^ 
so  that  no  air  is  admitted,  and  placed  over  the  mouth  of  the  delivery  lube. 
Combustion  is  now  commenced  at  the  front  of  the  lube  and  gradually  carried 
backwards  as  usual.  The  gases  evolved  are  CO.,  and  N,  the  former  of  which 
is  absorbed  by  the  KHO  and  the  latter  collects  In  the  graduated  jar.  When 
the  heat  reaches  the  back  of  the  tube  the  remainder  of  the  NaHCO,  is  decom- 
posed, and  the  carbonic  anhydride  given  off  chases  any  trace  of  nitrogen  out 
of  the  tube.  It  only  remains  to  read  off  the  volume  of  nitrogen,  notice  the 
temperature  and  pressure,  calculate  to  0°  C  and  760mm.  bar,  and  theo  redact 
the  volume  found  to  weight. 


in.  ESXmATION  OF  CELOKIHE. 


CIn  the  ordinary  combustion  of  chlorinated  compounds  it  is  belter  1 
plumbic  chromate  than  cupric  oxide,  because  in  the  latter  case  a  volatile. C 
chloride  would  be  formed.  Chlorine  itself  is  estimated  by  combustion  C 
substance  in  a  tube  filled  with  pure  calcium  oxide,  when  it  displaces- c 
and  turns  part  of  the  oxide  into  soluble  calcium  chloride.  After  e 
the  contents  of  the  tube  are  digested  in  water,  filtered,  excess  of  c 
nitrate  added,  and  the  precipitate  washed,  dried,  and  weighed  as  1 
directed  (see  Gravimetric  Estimation  of  Chlorine). 
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lY.    ESTIMATION  OF  SULPHUB  AlH)  PHOSPHORUS. 

When  substances  contain  either  of  these  elements,  it  is  best  to  use  plumbic 
chromate  for  the  estimation  of  the  C  and  H ;  or,  if  cupric  oxide  be  used,  then 
to  place  a  little  plumbic  oxide  in  the  front  of  the  tube.  The  sulphur  and 
phosphorus  themselves  are  estimated  by  fusing  in  a  silver  crucible  with  twelve 
times  the  bulk  of  pure  potassium  nitrate,  a  little  mixed  carbonate  and  nitrate 
being  first  put  into  the  crucible,  heated  to  fusion,  and  the  mixture  added  a 
little  at  a  time,  waiting  between  the  additions  till  action  ceases.  Alter  fusion 
the  sulphur  and  phosphorus,  which  have  been  converted  into  sulphuric  and 
phosphoric  acids  respectively,  are  estimated  by  dissolving  the  residue  in  water 
and  proceeding  by  precipitation  as  barium  sulphate  and  magnesium  ammonium 
phosphate  respectively.  (See  Gravimetric  Estimation  of  Sulphuric  and  Phos- 
phoric Acids.) 


CHAPTER   XI. 
SPECIAL   PROCESSES  IN  ANALYSIS, 


Under  this  head  it  is  proposed  to  give  the  analysis  of  some  ordinary  articles 
likely  to  come  prominently  under  the  notice  of  Pharmaceutical  Chemists. 

I.     POTABLE  WATEB. 

The  Analysis  of  Waters  Suspected  to  be  Sonrces  of  Disease  is  daily 
becoming  a  more  important  matter,  owing  to  the  rapid  enlightenment  of  the 
pubhc  on  sanitary  questions.  It  is  an  operation  which  every  pharmacist  should 
be  able  to  perform. 

The  following  is  a  sketch  of  a  method  of  sanitary  water  analysis  which  will 
be  found  easy  to  conduct,  and  is  based  upon  the  researches  of  Messrs. 
Wanklyn  and  Chapman,  who  have  contributed  much  to  our  knowledge  on  this 
subject.     The  apparatus  and  reagents  required  consist  of — 

1.  A  tubulated  stoppered  retort,  to  hold  about  30  ounces,  adapted  with  a 
piece  of  indiarubber  tubing  to  a  Liebig's  condenser. 

2.  A  non- tubulated  retort,  to  hold  about  10  ounces,  also  adapted  to  a  con- 
denser. 

3.  A  burette  to  contain  10  c.c.  graduated  in  ^V  c.c. 

4.  A  Sink's  burette,  to  hold  1000  grains,  graduated  in  |-decems. 

5.  A  wide-mouth  stoppered  bottle,  of  8  oz.  capacity,  graduated  to  hold  1000 
grains  of  water. 

6.  A  platinum  evaporating  dish,  to  hold  4  ounces  of  water  without  running 
over. 

7.  A  water  and  air  bath  fitted  with  a  centigrade  thermometer. 

8.  A  good  balance  to  show  3^  of  a  milligrame. 

9.  A  standard  solution  of  lime,  made  by  dissolving  16  grains  of  perfectly 
pure  calcium  carbonate  in  dilute  hydrochloric  acid,  evaporating  to  dryness, 
again  moistening  with  water,  once  more  drying,  and  finally  dissolving  in  one 
gallon  of  pure  distilled  water. 

10.  A  standard  solution  of  argentic  nitrate,  made  by  dissolving  -479 
gramme  of  the  pure  salt  in  a  litre  of  water,  each  c.c.  of  which  will  be  equal 
to  -^Q  of  a  milligramme  of  chlorine. 

11.  A  perfectly  neutral  solution  of  pure  potassium  chromate. 

12.  A  solution  of  100  grammes  pure  sodium  hydrate,  in  one  litre  of  water. 

13.  A  cold  saturated  solution  of  sodium  carbonate  which  has  been  boiled 
for  some  time. 

1 4.  A  solution  of  8  grammes  potassium  permanganate,  in  a  litre  of  water, 
with  200  grammes  of  potassium  hydrate.  The  whole  is  boiled  for  about  an 
hour,  and  when  cold,  made  up  to  one  litre  with  pure  distilled  water. 


15.  Some  fragments  of  sheet  aluminium,  about  this  size 
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16.  A  standard  solution  of  potash  soap  (sapo  mollis,  B.P.)  in  proof  spirit  of 
such  strength  that  32  decerns.  (320  grains)  delivered  exactly  from  the  Hink's 
burette,  produce  a  permanent  froth  or  lather  that  lasts  five  minutes  when  well 
shaken,  in  the  wide-mouthed  bottle,  with  1000  grains  of  the  standard  lime 
solution. 

The  points  to  be  noticed  in  the  sanitary  analysis  of  water  are — 

Total  Hardness, 
Permanent  Hardness, 
Chlorine, 

Nitrogen  as  Nitrates  and  Nitrites, 
Free  Ammonia, 
Albuminoid  Ammonia, 
Total  Solid  Residue, 
and  these  we  will  consider  seriatim, 

I.  Total  Hardness  is  supposed  to  represent  the  whole  amount  of  lime  and 
other  salts  which  render  a  water  hard  and  unfit  for  use  for  culinary  and  cleans- 
ing purposes.  It  is  measured  by  the  quantity  of  soap  which  can  be  rendered 
insoluble  in  water  by  conversion  into  a  lime  soap.  [See  Oleates.)  The  i^resence 
of  undecomposed  soap  in  watery  solution  is  always  recognisable  by  the  per- 
manent white  froth  which  is  produced  on  the  surface  of  the  liquid  by  violent 
shaking  and  then  setting  at  rest.  If  a  spirituous  solution  of  soap  be  added  to 
water  containing  hme,  a  compound  is  formed  between  the  lime  and  the  fatty 
acids  of  the  soap,  which,  being  insoluble  in  water,  floats  to  the  surface  in  white 
flakes,  and  no  permanent  froth  can  be  produced  until  enough  soap  has  been 
added  to  thus  precipitate  all  the  lime.  1000  grains  of  the  water  to  be  tested 
are  introduced  into  the  wide-mouthed  stoppered  bottle,  and  some  soap  solution 
is  added  from  the  burette.  The  bottle  is  closed,  and  well  shaken  ;  and  the 
addition  of  soap  is  continued,  shaking  each  time,  until  a  permanent  lather  is 
produced  which  lasts  five  minutes.  The  number  of  test  measures  (decerns  of 
10  grains  of  water,  as  indicated  on  the  burette)  of  soap  solution  thus  used  is 
then  read  off,  and  the  following  table  is  referred  to  as  therein  directed.  After 
each  shaking,  the  carbonic  anhydride  which  collects  in  the  bottle  should  be 
sucked  out  by  means  of  a  glass  tube.  In  cases  where  a  water  takes  more 
than  32  measures  of  soap,  500  grains  only  must  be  employed  and  diluted  to 
1000  with  distilled  water  before  use  ;  the  result  obtained  being  multiplied  by  2. 


Dr.  Clarke's  Table  for  taking  the  Hardness  of  Water. 


Degrees  of 

Hardness. 

Test  Measures  used. 

0      .                                           .         1*4      . 

I 

3*2      . 

2 

54      . 

3 

.        7-6      . 

4 

.        9-6      . 

5 

II -6      . 

6 

.       136      . 

7      . 

.       156      . 

8 

.       175 

9 

194      . 

10 

.       213      . 

II 

231 

12 

249 

13 

267 

14 

.       285      . 

• 

15      . 

.       303      • 

16 

320 

Should  t 

he  number 

•  of  test  measures  used  ( = 

n)  CO 

in.  the  second  column,  the  hardness  is  seen  by  glanc 


Differ  ENCK. 
.       1-8 

2  2 

20 

2-0 
20 
20 

.        1-9 
1-9 

19 

.     i-s 

1-8 
.  1-8 
.  1-8 
.       1-8 

•       17 


ncide  with  any  number 
ng  at  the  corresi)onding 
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number  in  the  first  column.  If,  however,  n  should  come  between  two  numbers, 
the  lower  of  the  two  must  be  deducted  from  n,  and  the  difference  so  obtained 
divided  by  the  number  in  the  third  column  opposite  to  the  higher  of  the  two. 
The  quotient  thus  arrived  at  is  to  be  added  to  the  number  in  the  first  column 
corresponding  to  the  lower  of  the  two  numbers,  and  the  sum  will  be  the 
hardness. 

Example. — Measures  ilsed  =  20,  which  falls  between  19*4  and  21*3,  then 

'6 
20  -  19-4  =  -6  ;  and  — -  =  -33 ;  lastly,  '33  +  9  =  9*33  degrees  of  hardness. 

1*0 

2.  Permanent  Hardness  indicates  the  amount  of  calcic  and  magnesic  salts 
in  a  state  other  than  carbonate.  The  calcic  and  magnesic  carbonates  are  held 
in  solution  in  water  by  the  carbonic  anhydride  (carbonic  acid  gas)  dissolved 
in  the  fluid.  On  boiling,  this  gas  passes  off,  and  the  ca.rbonates  are  conse- 
quently precipitated,  while  all  other  salts  remain  unaffected.  High  permanent 
hardness  is  bad,  because  it  is  an  indirect  confirmatory  evidence  of  sewage 
contamination,  as  showing  the  presence  of  sulphates  and  chlorides,  both  of 
which  might  be  derived  from  such  a  source.  Moreover,  it  would  be  impossible 
to  render  such  a  water  potable  by  boiling.  1000  grains  of  the  sample  are 
introduced  into  a  small  flask,  and  a  mark  made  with  a  file  at  the  surface  of 
the  water.  It  is  then  briskly  boiled  for  twenty  minutes,  and  made  up,  when 
cold,  to  the  mark,  with  distilled  water.  The  sample  thus  prepared  is  put  into 
the  bottle,  and  treated  with  soap  solution,  as  already  directed,  and  the  result 
noted  as  permanent  hardness. 

3.  Chlorine  present  as  Chlorides  is  important,  as  also  being  a  product  of 
the  decomposition  of  sewage  matters.  It  is  estimated  as  follows : — 70  cc  of 
the  water  to  be  tested  are  placed  in  a  beaker  over  a  sheet  of  white  paper,  and 
brought  under  the  10  cc.  burette,  charged  with  the  standard  solution  of 
argentic  nitrate.  Two  drops  of  the  solution  of  potassium  chromate  are  then 
added,  and  the  silver  solution  is  very  carefully  run  in,  with  constant  stirring, 
until  the  solution  in  the  beaker  just  changes  from  yellow  to  red.  This  indi- 
cates that  all  the  chlorides  have  been  precipitated  as  argentic  chloride.  The 
red-coloured  argentic  chromate  will  not  form  until  all  the  chlorides  have  been 
removed  j  but  whenever  this  is  attained,  the  least  excess  of  silver  solution  turns 
the  chromate  red.  Each  cc.  of  silver  solution  used  will  indicate  (if  70  cc. 
be  taken  for  analysis)  ^^  of  a  grain  of  chlorine  per  gallon  of  water.  The 
solutions,  both  of  argentic  nitrate  and  potassium  chromate,  must  be  perfectly 
neutral. 

4.  Nitrogen  existing  as  Nitrates  and  Nitrites  is  very  important,  because 
when  sewage  decompcses,  it  produces  nitrates  as  one  of  the  ultimate  products 
of  its  oxidation.  Some  waters  from  chalk  soils  contain  nitrates  naturally^  and 
therefore,  taken  by  themselves,  an  excess  should  not  condemn  a  water ;  but 
when  coupled  with  high  chlorides  and  free  ammonia  and  a  fair  quantity  of 
albuminoid  ammonia,  they  may  be  taken  as  an  index  of  previous  sewage  con- 
tamination. Such  a  water  should  always  be  examined  again  after  a  heavy 
rainfall,  when  it  is  more  than  probable  that  active  present  contamination  will 
be  discovered.  100  cc.  of  the  sample  are  introduced  into  the  non-tubulated 
retort  with  100  cc  of  the  sodium  hydrate  solution,  and  the  whole  is  distilled 
until  a  phialful  of  the  distillate  ceases  to  give  a  colour  with  \\  cc  of  Nessler's 
solution.  (See  Mercuric  Iodide.)  The  retort  and  its  contents  are  allowed  to 
cool,  a  fragment  or  two  of  sheet  aluminium  is  dropped  in,  and  the  neck  of  the 
retort  closed  by  a  cork,  through  which  passes  a  V  shaped  tube,  filled  with 
fragments  of  recently  ignited  clay  tobacco  pipe,  moistened  with  hydrochloric 
acid.     After  standing  for  the  night,  during  which  the  nitrates  are  reduced  to 


by  the  nascent  hydrogen  produced  from  the  altiminium  and  tlic 
'*3d{um  hydrate,  the  retort  is  once  more  attached  to  the  .condenser,  and  gently 
".istilled  until  the  distillate  comes  over  free  from  ammonia.  The  ammoniacal 
.isCillate  is  then  made  up  to  a  definite  bulk,  say  500  c.c,  with  pure  "  ammonia- 
ree  "  distilled  water,  and  the  ammonia  is  estimated  by  Nessler,  as  hereafter 
'^hown.  (See  No.  8.)  The  number  of  milligrammes  of  ammonia  found  is 
niiltiplied  by  14  and  divided  by  17,  which  gives  the  quantity  of  nitrogen  as 
nitrates  in  the  too  c.c.  of  water  examined.  This  result,  multiplied  by  10, 
gives  milligrammes  per  litre,  or  parts  in  1,000,000  parts  of  water. 

5.  Free  Ammoaia  is  a  matter  which,  when  in  excess,  renders  a  water  ques- 
tionable, especially  if  it  be  accompanied  by  much  nitrogen,  as  nitrates  and 
high  chlorides.  Under  this  head  is  also  included  the  ammonia  derived  from 
some  very  readily  decomposable  bodies,  such  as  urea,  as  well  as  that  really 
present  in  the  state  of  ammonium  salts.  A  little  distilled  water  is  introduced 
into  the  tubulated  retort,  and  the  condenser  having  been  attached,  the  heat  of 
a  large  naked  Bunsen  burner  is  applied,  and  distillation  continued  until  the 
distDlate  no  longer  gives  a  colour  with  Nessler.  The  retort  is  then  emptied 
OQt,  and  500  c.c.  of  the  water  to  be  tested  is  introduced,  with  10  cc.  of  the 
solution  of  sodium  carbonate.  Distillation  is  then  resumed,  and  continued 
UQtit  the  water  comes  over  aramonJa-free  by  Nessler.  The  distillate  is  made 
up  to  a  known  bulk,  say  500  c.c,  and  the  number  of  milligrammes  of  a; 
nta  estimated  in  it  in  the  usual  manner.  Tlic  result,  multiplied  by  2,  gives 
milligrammes  of  free  ammonia  per  litre  of  water  (parts  in  1,000,000). 

6.  Altntminoid  Ammonia.  When  nitrogenous  organic  bodies  are  heated 
nitha  strongly  alkaline  solution  of  potassium  permanganate,  they  undergo  a 
limited  oxidation,  and  a  portion  of  their  nitrogen  is  obtained  as  ammonia. 
This  yield  of  ammonia  has  been  found  lo  be  fairly  constant,  and  is  therefore 
made  the  measure  of  actual  present  sewage  or  other  active  deleterious  organic 
contamination.  The  residue  remaining  in  the  retort,  after  the  estimation  of 
tile  free  ammonia,  is  treated  with  50  c.c.  of  the  permanganate  solution,  and 
distillation  is  resumed  and  carried  on  until  the  distillate  comes  over  ammonia 
free.  The  distillate  is  made  up  as  before  to  500  c.c.  with  pure  distilled 
water,  and  the  ammonia,  estimated  in  it  by  Nessler.     The  number  of  millc- 

Pmes  thus  found,  when  multiplied  by  two,  gives  milligrammes  per  litre 
s  in  1,000,000),* 

7.  Total  Sesidne.  The  platinum  dish  is  washed,  dried,  and  heated  lo  red- 
ness. It  is  then  placed  in  the  air  bath  at  120°  C.  for  a  few  minutes ;  taken 
out,  and  quickly  cooled  in  a  desiccator,  or  by  placing  it  on  a  thick  slab  of 
cold  iron.  After  cooling  it  is  quickly  and  accurately  weighed,  and  70  cc  of 
the  water  having  been  introduced  it  is  placed  on  the  water  bath,  and  evapo- 
rated to  dryness.  When  dry  it  is  placed  in  the  air  bath,  heated  to  1 30°  C. 
for  an  hour,  cooled  as  before,  and  weighed.  It  is  then  returned  to  the  bath 
for  half  an  hour,  cooled,  and  again  weighed ;  and  this  is  repeated  until  two 
successive  weighings  come  out  alike.  The  weight  of  the  empty  crucible 
having  been  deducted,  the  difference  gives  tlie  residue,  each  milligramme  of 
which  represents  one  grain  per  gallon. 

As  a  specimen  of  the  mode  of  stating  the  results  of  analysis,  and  also  to 
show  the  distinctive  characters  of  a  good  and  a  bad  water,  the  following  two 
analyses  are  appended  : — 

•  The  processes,  Nos.  4,  5,  and  6,  should  be  all  first  perforrocd  with  pure  dbtilled  water, 
and  the  aratmnl  of  amtnonia  found  be  matked  on  the  solution  tultlesu  n  t^irA,  to  be  deducted 
afinwuUs  from  the  results  of  each  actual  analysis. 


i 
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A  Good  Ordinary  A  very  Bad  Water 

Drinking  Water.  from  Kingston. 


Total  residue                .  .  18*84 

Chlorine     .         .         .  i  ;84 

Total  hardness    .         .  .  io*i 

Permanent  hardness     .  .  2*1 

Nitrogen,  as  Nitrates,  etc.  .  "82 

Free  ammonia     .        .  .  'oi 

Albuminoid  Ammonia  .  *o8 


Grains  per 
gallon. 

ft 

Parts  per 
1,000,000. 


8.  Mannfactiire  and  Use  of  Kessler'B  Solation.  This  solution  is  thus  pre- 
pared : — 50  grammes  of  potassium  iodide  are  dissolved  in  a  small  quantity  of 
boiling  distilled  water,  in  a  basin  placed  on  a  water  bath.  Hot.  saturated 
solution  of  mercuric  chloride  is  then  added,  with  constant  stirring,  until  a 
sW^i  permanent  red  precipitate  is  produced.  The  solution  thus  obtained  is 
filtered  and  mixed  with  200  grammes  of  potassium  hydrate  dissolved  in  the 
smallest  possible  quantity  of  distilled  water.  When  the  whole  is  quite  cold,  it 
is  made  up  with  cold  distilled  water  to  the  bulk  of  one  litre  ;  and  5  c.c.  of  a 
cold  saturated  solution  of  mercuric  chloride  having  been  added,  the  solution 
is  well  shaken,  and  then  left  to  settle.  Lastly,  the  clear  portion  is  decanted 
and  kept  for  use. 

To  use  the  solution  we  require — 

1.  A  standard  solution  of  ammonium  chloride,  made  by  dissolving  '315 
gramme  of  the  pure  and  dry  salt  in  a  litre  of  distilled  water  free  from  ammo- 
nia. 

2.  Two  tall  cylinders,  of  clear  colourless  glass,  to  contain  about  150  c.c 
each,  and  graduated  at  100  c.c.  ;  or  a  pair  of  perfectly  clear  long  narrow  4-oz. 
phials  will  serve  the  purpose,  which  can  be  graduated  by  pouring  in  100  cc. 
of  water,  and  scratching  with  a  file. 

3.  A  pipette  graduated  to  deliver  i\  c.c. 

4.  Some  distilled  water,  perfectly  free  from  ammonia,  prepared  by  redistil- 
ling ordinary  distilled  water  until  a  phialful  of  the  distillate  ceases  to  give  a 
colour  with  i  J  c.c.  of  Nessler,  and  saving  the  rest  of  the  water  remaining  in 
the  retort. 

5.  A  sheet  of  white  paper,  on  a  table,  placed  in  a  good  light  near  a  window 
without  any  highly-coloured  hangings  or  decorations. 

The  solution  containing  the  ammonia  (usually  a  distillate  in  water  analysis) 
is  to  be  diluted  to  a  definite  bulk  (say  500  c.c),  with  the  pure  water,  till  it 
ceases  to  give  any  precipitate,  but  only  a  colour,  with  Nessler.  One  of  the 
cylinders  or  phials  is  to  be  filled  to  the  mark  (100  cc.)  with  the  solution,  and 
i^  cc.  of  Nessler  added  by  means  of  the  pipette.  The  colour  is  to  be  noted, 
after  five  minutes,  by  looking  down  through  the  column  of  liquid  held  over  the 
white  paper.  A  little  (say  2  cc)  of  the  standard  ammonia  is  to  be  added 
from  the  burette  to  the  other  phial  or  cylinder,  which  is  to  be  filled  up  to  the 
mark  with  the  pure  water;  and  i\  cc.  of  Nessler  having  been  added,  the 
colour  is  to  be  observed  as  before.  If  the  two  colours  correspond,  the 
amount  of  ammonia  is  equivalent  to  2  c.c.  of  the  standard  solution.  If  not, 
the  second  phial  is  to  be  emptied,  and  another  trial  made,  with  more  or  less 
standard  ammonia,  as  the  colour  produced  is  fainter  or  darker  than  that  in 
the  first  phial.  When  by  repeated  experiment  the  two  colours  are  obtained 
exactly  equal,  then  the  number  of  cc.  of  ammonium  chloride  solution  used  in 
the  final  attempt  is  to  be  read  off  and  multiplied  to  the  total  volume  of  the 
water  distillate.  The  amount  thus  obtained  is  then  calculated  frovck  the 
quantity  of  water  taken  for  analysis  to  one  litre. 
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(a)  Soluble  in  ether    .     .     Quinine,  Quinicine. 

(fi)  Insoluble  in  ether .     .     Cinchonine,  Cinchonidine,  and  Quinidine. 

(a)  Part  soluble  in  Ether, — The  ether  is  evaporated,  the  residue  dissolved  in 
lo  parts  of  proof  spirit,  acidulated  with  one-twentieth  of  sulphuric  acid,  and 
alcoholic  iodine  added  until  a  precipitate  is  no  longer  formed.  The  quinine 
is  thus  precipitated  as  herapathite.  One  part  of  herapathite  washed,  and  dried 
at  1 00°,  represents  0*565  parts  of , pure  quinine.  The  liquid  separated  from 
the  herapathite  is  mixed  with  an  alcoholic  solution  of  sulphurous  acid,  then 
neutralized  with  caustic  soda,  heated  on  a  water-bath  to  expel  alcohol,  and 
mixed  with  an  excess  of  soda.  The  precipitate  consists  of  quinicine,  with 
perhaps  traces  of  quinidine  and  cinchonidine. 

(3)  Part  insoluble  in  Ether, — The  insoluble  alkaloids  are  dissolved  in  40 
parts  of  hot  water  with  the  aid  of  a  little  dilute  sulphuric  acid,  the  acid  being 
so  adjusted  that  the  solution  shall  preserve  a  faint  alkaline  reaction.  To  this 
liquid  a  solution  of  Rochelle  salt  is  added,  and  the  whole  allowed  to  remain 
for  twelve  hours.  The  cinchonidine  will  be  found  separated  as  tartrate,  which 
may  be  collected  and  dried  at  100°.  One  part  of  this  tartrate  represents 
0804  parts  of  cinchonidine.  The  filtrate  is  mixed  with  a  solution  of  potas- 
sium iodide,  which  precipitates  the  quinidine  as  a  sandy  crystalline  powder, 
provided  that  the  quinidine  be  not  very  small  in  quantity  relatively  to  the 
cinchonine ;  otherwise  the  preciptitate  is  often  resinous.  One  part  of  the 
hydriodide  dried  at  100°  represents  0718  parts  of  anhydrous  quinidine. 

The  liquid  separated  from  the  quinidine  is  precipitated  by  caustic  soda 
whereby  the  cinchonine  is  obtained;  it  is  collected  and  dried  as  in  the 
previous  instances. 

ni.  VALUATION  OF  A  SAMPLE  OF  OPIUM. 

This  is  dependent  on  the  amount  of  morphine  it  contains,  and  is  conducted 
according  to  the  B.P.  process  as  follows  : — 

Take  of  opium  100  grains,  slaked  lime  too  grains,  distilled  water  4 
ounces.  Break  down  the  opium,  and  steep  it  in  an  ounce  of  the  water 
for  twenty-four  hours,  stirring  the  mixture  frequently.  Transfer  it  to  a  dis- 
placement apparatus,  and  pour  on  the  remainder  of  the  water  in  successive 
portions,  so  as  to  exhaust  the  opium  by  percolation.  To  the  infusion  thus 
obtained,  placed  in  a  flask,  add  the  lime,  boil  for  ten  minutes,  place  the  un- 
dissolved matter  on  a  filter,  and  wash  it  with  an  ounce  of  boiling  water. 
Acidulate  the  filtered  fluid  slightly  with  diluted  hydrochloric  acid,  evaporate  it 
to  the  bulk  of  half  an  ounce,  and  let  it  cool.  Neutralize  cautiously  with  solu- 
tion of  ammonia,  carefully  avoiding  an  excess  ;  remove  by  filtration  the  brown 
matter  which  separates,  wash  it  with  an  ounce  of  hot  water,  mix  the  washings 
with  the  filtrate,  concentrate  the  whole  to  the  bulk  of  half  an  ounce,  and  add 
now  solution  of  ammonia  in  slight  excess.  After  twenty-four  hours  collect  the 
precipitated  morphia  on  a  weighed  filter,  wash  it  with  cold  water,  and  dry  it 
at  212°.     It  ought  to  weigh  at  least  from  6  to  8  grains. 

In  addition  to  this  official  process  several  others  have  been  proposed,  but 
none  without  a  drawback  of  some  kind.  The  following  is  good,  if  carefully 
performed  : — Take  100  grains  of  opium,  previously  dried  at  212°  R,  rub  it  in- 
timately with  three  times  its  weight  of  coarsely-powdered  pumice-stone,  and 
percolate  with  boiling  ether  to  remove  narcotine,  colouring  matter,  and  wax. 
Just  moisten  with  a  little  spirit,  and  then  extract  with  water  slightly  acidulated 
with  acetic  acid.  The  amount  of  water  employed  should  not,  if  possible,  exceed 
5  ounces.  Ammonia  is  now  added  in  the  slightest  possible  excess,  and  the 
whole  set  aside  for  forty-eight  hours,  when  the  morphia  will  be  deposited  in 
crystals  on  the  sides  of  the  glass.     The  mother  liquor  is  to  be  poured  away,  the 


bbia  purified  by  re-crystallization  from  boiling  alcohol,  and  ihe  ciysta^ 

a  and  weighed. 

b  addition  to  the  assay  for  morphia,  the  amount  of  water  should  always  h^ 

tnnined  in  a  sample  of  opium,  by  taking  a  weighed  portion  of  thin  slices 
Vdiying  over  the  water-bath  until  it  ceases  lo  lose  weight  Besides  tliese 
1,  the  dried  opium  should  be  exhausted  with  cold  water,  and  the  residue 
ted  on  a  weighed  filter,  and  again  dried  at  212°  F.  The  amount  of  this^^ 
Bue  should  not  exceed  45  per  cent.  The  addition  of  gum  arable  may  bf 
icted  by  precipitating  a  solution  of  opium  with  normal  plumbic  acetal^ 
fcentrating  the  filtrate  to  a  tow  bulk,  and  precipitating  out  the  gum  3 
\  alcohol.  Genuine  opium  should  contain  no  starch  or  tannic 
Kty,  a  portion  of  opium  dried  at  213°  should  be  weighed  and  freely  Incind 
B,  when  ihe  amount  of  ash  left  should  not  exceed  S  per  cent, 

IV.  ESTIMATION  OP  EMETINE  IN  IPECACUANHA 

y  readily  performed  by  volumetric  analysis  as  follows,  using  a  stand; 
ttion  of  mercuric  iodide  in  excess  of  potassium  iodide  : — 
She  test  solution  is  prepared  by  dissolving  I3S'46  grains  of  pure 
wide  and  498  grains  of  potassium  iodide  in  10,000  grains  of  water. 
fcm  ( 10  fluid  grains)  of  this  solution  will  precipitate  T-,riu^  of  the  inolecuh 
Bht  of  emetine,  and  is  thus  applied  : — 

Ro  grains  of  ipecacuanha  are  treated  with  15  drops  of  dilute  sulphuric  acid, 
I  sufficient  rectified  spirit  of  wine  added  to  make  the  whole  bulk  up  lo 
10  grains.  The  whole  is  allowed  to  stand  for  24  hours,  and  1000  grains 
Idecanted  off  for  analysis.  The  liquid  is  evaporated  until  all  the  alcohol  is 
Jen  QfT,  and  then  brought  under  the  burette  containing  the  test  solution, 
fch  is  run  in  until  it  ceases  to  give  a  precipitate.  The  final  point  of  the 
fetion  is  ascertained  by  filtering  off  a  drop  or  iwo  into  a  watch-glass  placed 
nt)Iack  paper,  and  adding  a  drop  of  the  reagent,  when,  if  no  cloudiness 
ax,  the  precipitation  of  the  alkaloid  is  complete.  The  number  of  grain- 
ures  of  the  test  used  multiplied  by  '01S9  gives  the  amount  of  alkaloid  in 
I  gnuDB  of  the  sample. 


T.  ESTIMATION  OF  ELATERIN  IN  ELATESIUM. 


b)  S.J'.  Ptvcess.- — Boil  25  grains  of  elaterium  with  rectified  spirit  until  exi- 
ted, and  filter,  Concentrate  the  solution  to  a  low  bulk,  and  pour  it  into 
access  of  warm  liquor  potassa.  When  quite  cold,  filter  out  the  crystals  of 
:rin  which  have  formed,  dry,  and  weigh,  when  at  least  5  grains    should 

jit  (20  per  cent,). 

m)  JmprQved  /Vfiwj.— Exhaust  i  gramme  of  elaterium  by  percolation  with 

proform  in  a  small  funnel  tube,  and  then  add  to  the  solution  an  excess  of 
Allow  the  whole  to  settle,  pour  off  as  completely  as  possible  from  the 

ntals  of  elaterin,  and  wash  thcra  by  dccanlation  with  pure  ether,  coUt    "* 

K  at  a  very  gentle  heat,  and  weigh. 


I 


TI.  ESTIMATION  OF  SCAHMONT  BESIN  IN  SCAUMONITJM. 

BTake  25  grains  (or  2  grammes)  and  dry  in  a  waler-baih  uniii  the  weight  jj 
^lant  (loss  of  weight  =  moisture).  Place  the  dried  residue  on  a  weighe? 
br  in  a  small  funnel,  and  percolate  with  ether  until  a  portion  of  the  ether  ot 
Bpotation  leaves  no  residue.  Dry  the  filter  and  its  contents  at  212°,  and 
llgh  and  deduct  the  weiglu^kthe  filter.  Then  deduct  the  weight  of  the  in- 
Ittble  matter  thus  obtaine^Wm  that  of  Ihe  dried  residue,  and  the  difference 
vou  ir. 
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k  scammony  resin.  The  residue  is  to  be  then  examined  for  starch  and  minecal 
matter. 

Vn.  ESTIMATION  OF  THE  ALCOHOLIC  STBEKOTH  OF  SPIRITS, 

WINES,  AND  TINCTURES. 

If  the  sample  be  simply  a  dilute  spirit  which  leaves  no  residue  upon  evapo- 
ration, the  percentage  may  be  ascertained  by  taking  the  specific  gravity,  thus :  - 
A  flask  is  taken,  capable  of  holding  exactly  looo  grains  of  distilled  water  at 
60°  F.,  and  after  being  carefully  and  exactly  counterpoised  in  a  balance,  is 
filled  with  the  spirit  previously  brought  to  a  temperature  of  60®  F.  If  a  spe- 
cific gravity  bottle,  as  generally  used  in  analysis,  be  employed,  it  must  be 
filled  perfectly,  and  when  inserting  the  stopper,  it  should  be  allowed  to  sink 
by  its  own  weight ;  then,  after  careful  examination  to  see  that  no  air  bubbles 
remain,  the  fl^sk  is  wiped  dry  and  the  weight  taken.  Immediately  this  is 
done,  the  temperature  of  the  contents  must  be  determined,  and  if  not  60°  F., 
the  flask  must  be  refilled,  placed  in  a  vessel  of  water  at  60°  F.  for  a  few 
minutes,  the  stopper  inserted,  and  the  weight  of  the  dried  flask  and  contents 
determined  as  before.  When  the  weight  at  60°  F.  is  known,  reference  is  made 
to  the  following  table,  to  ascertain , the  corresponding  percentage  of  alcohol 

In  taking  such  specific  gravities  it  is  of  great  importance  to  j>erfonn  the 
operation  say  three  times,  and  take  the  average  of  the  three  determinations, 
as  a  very  small  error  makes  a  great  difference  in  the  commercial  value  of  the 
sample  under  examination. 

If  the  sample  be  a  wine  or  tincture  containing  matters  in  solution,  the  fol- 
lowing course  must  be  adopted  : — 2000  grains  must  be  weighed  out,  rendered 
neutral  by  sodium  carbonate,  if  acid,  and  immediately  transferred  to  a  retort. 
This  must  be  adapted  (in  any  convenient  manner  so  as  to  render  the  joint 
air-tight)  to  a  Liebig*s  condenser,  and  the  heat  of  a  water-bath  being  applied, 
the  spirit  distilled  over  into  a  previously  weighed  flask,  the  condenser  being 
kept  cool  by  a  constant  slow  stream  of  cold  water  passing  through  it.  When 
about  nine-tenths  of  the  liquid  in  the  retort  have  distilled  over,  the  flask  and 
contents  are  weighed,  and  the  weight  of  the  flask  deducted.  The  temperature 
of  the  spirit  having  been  rendei;ed  correct  (60°  F.),  the  specific  gravity  must 
be  determined  as  above.  The  corresponding  percentage  of  alcohol  having 
been  ascertained  from  the  tables,  the  calculation  is  as  follows : — 

Percentage  of  alcohol  in  distillate  x  weight  of  distillate  _  (^d^^^^^c^^ 

^°^°  (hoi  in  sample. 

Example. — 2000  grains  of  sherry  (vinum  Xericum)  taken  and  distilled. 
The  distillate  weighed  1772*8  grains,  and  the  specific  gravity  was  '9711,  an 
swering  to  20*4  per  cent,  by  weight  of  alcohol. 

rpi         1772-8  X  20-4  _  C  1808  per  cent,  of  absolute  alcohol  by  weight  in 
^^'  2000  I   sample,  which  is  too  high  for  a  natural  sherry. 


PERCENTAGE  WEIGHT  OF  ALCOHOL. 
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.6  of  the  Proportion  by  Weight  of  Absolute  or  Real  Alcohol  in  100 
parts  of  Spirits  of  different  Specific  Qravities  (Fownes). 


PSR- 

Phr- 

Pbr- 

Sf.  Gr.  at  6o'  F. 

CENTAGB 

Sf.  Gr.  at  6o'  F. 

CBNTAGB 

Sf.  Gr.  at  6o*  F. 

CBNTAGE 

(I5-5"  C.) 

OF  RBAL 

dsV  C) 

OF  RBAL 

(isV  C.) 

OF  RRAL 

Alcohol. 

Alcohol. 

1 

Alcohol. 

09991 

05 

•0*9511 

34. 

08769 

68 

0*9981 

I 

0*9490 

35 

08745 

69 

09965 

2 

09470 

36 

0*8721 

70 

0-9J47 

3 

0*9452 

37 

08696 

71 

09930 

4 

09434 

38 

.  08672 

72 

09914 

5 

0*9416 

39 

08649 

73 

09898 

6 

09396 

40 

0*8625 

74 

09884 

7 

0*9376 

41 

0*8603 

75 

09869' 

8 

09356 

42 

0*8581 

76 

09855 

9 

09335 

43 

0*8557 

77 

0*9841 

10 

o-93'4 

44 

08533 

78 

0*9828 

II 

0*9292 

45 

0-8508 

79 

0*9815 

12 

09270 

46 

08483 

80 

0*9802 

13 

0*9249 

47 

0-8459 

81 

09789 

14 

0*9228 

48 

0*8434 

82 

0*9778 

15 

0*9206 

49 

0*8408 

83 

09766 

16 

0*9184 

50 

0*8382 

84 

0-9753 

17 

0*9160 

51 

0-8357 

85 

0*9741 

18 

09135 

52 

0-8331 

86 

09728 

19   1 

0-9113 

53 

08305 

II 

0*9716 

20 

0*9090 

54 

0*8279 

09704 

21 

0*9069 

55 

08254 

89 

0*9691 

22 

0*9047 

56 

0*8228 

90 

09678 

23 

09025 

^l 

0*8199 

91 

0*9665 

24 

0*9001 

58 

0*8172 

92 

09652 

25 

08979 

1^ 

0*8145 
08118 

93 

09638 

26 

08956 

60 

94 

0*9623 

27   1 

08932 

61   , 

08089 

95 

09609 

28   , 

0*8908 

62 

0*8061 

96 

09593 

29 

0*8886 

63 

0*8031 

97 

09578 

30 

0*8863 

64 

0*8001 

98 

09560 

31 

08840 

^5  ! 

07969 

99 

0*9544 

32 

0-8816 

66 

07938 

100 

|||r952S 

33 

i 

1 

08793 

67 

1 

Vm.    EXAMINATIOK  OF  A  TIHCTURE  FOR  THE  PRESEKCE  OF 
^  METHTLATED  SPIRIT. 

The  process  usually  adopted  by  pharmacists  is  that  proposed  by  Mr.  Miller. 

For  the  purpose  of  testing  tinctures,  they  must  first  be  distilled  until  the  * 
greater  part  of  the  spirit  has  passed  over.  The  distillate  is  treated  as  follows  : — 

A  small  flask  is  fitted  with  a  cork  and  a  tube  having  two  right  angular 
bends,  and  in  it  is  put, — 

1.  About  half  a  drachm  of  the  spirituous  liquid  required  to  be  tested. 

2.  An  equal  quantity  of  potassium  dichromate,  and  of  pure  sulphuric  acid. 

3.  Four  or  five  times  as  much  water. 

The  mixture,  after  standing  for  twenty  minutes,  is  distilled  at  a  gentle  heat, 
until  nearly  the  whole  has  passed  over.  Sodium  carbonate  having  been  added 
to  the  distillate  till  it  is  sligh^  alkaline,  the  liquid  is  evaporated  in  a  porce- 
lain basin  to  about  half  its  l^Band  having  been  acidulated  slightly  by  acetic 
acid,  is  transferred  to  a  tesffliDe,  heated  gently  with  twenty  drops  of  a  five  per 
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cent,  solution  of  argentic  nitrate  for  a  few  minutes,  when  any  decided 
(due  to  the  discoloration  of  the  fluid  and  the  separation  of  a  blackish 
tate  of  metallic  silver),  indicates  the  presence  of  methyl  hydrate  in  the 
thus  testt-d.  In  llic  oxidaiion  of  ordinary  alcohol  a  mere  trace  of  formic  _ 
is  formed  by  secondary  decomposition,  consequently  a  distinct  precipitate 
must  be  obtained  before  the  spirit  can,  with  certain Q",  be  pronounced  to  be 
methylated. 

The  operation  of  the  above  process  depends  on  the  fact  that  by  oxidatitm 
with  sulphuric  and  potassium  dichromate,  aldehyds  and  acids  are  produced, 
which,  by  being  boiled  with  sodium  carbonate,  yield  sodium  acetate  and 
formate,  the  former  from  the  ordinary  "  alcohol "  and  the  latter  from  the  wood 
spirit  Upon  the  addition  of  argentic  nitrate,  argentic  formate  is  produced, 
which  is  easily  reduced  by  boiling  to  metallic  silver,  while  ai^entic  acetate  is 
not  so  affected. 

When  this  process  has  to  be  applied  to  sweet  spirit  of  nitre,  the  ethyl  nitrite 
must  be  first  got  rid  of,  as  follows  :— 

Take  a  little  of  the  spirit  and  place  it  in  a  bottle  with  some  dry  potassium 
carbonate,  and  shake  up.  Let  it  settle,  and  take  about  two  drachms'  of  the 
strong  spirit  which  separates.  Saturate  this  with  calcium  chloride,  and  distil 
on  a  water-bath,  rejecting  the  distillate  (ethyl  nitrite,  etc.).  Add  a  little 
water  to  the  contents  of  the  retort  and  distil  again,  when  the  pure  spirit  will 
come  over,  and  a  portion  may  then  be  tested  as  above  directed. 


IZ.    ESTIKAHOH  07  FBEE  SULFHUBIC  ACID  IN  TIKEaAS. 

(«)  B.P.  Process, — If  ten  minims  of  solution  of  barium  chloride  be  added 
to  a  fluid  ounce  of  the  vinegar,  and  the  precipitate,  if  any,  be  separated  by 
filtration,  a  further  addition  of  the  test  will  give  no  precipitate  (absence  of 
more  than  -^  per  cent  of  sulphuric  acid). 

(i)  Improved  Method. — The  official  test  given  above  is  entirely  valueless  in 
the  case  of  vinegars  containing  much  sulphate,  from  being  made  with  water 
rich  in  that  ingredient ;  it  is  therefore  necessary,  if  the  vinegar  appear  to  be 
adulterated  when  thus  tried,  to  proceed  as  follows  ;  50  c.c.  of  the  vinegar  are 
mixed  with  a  5  c.c.  of  volumetric  solution  of  sodium  hydrate,  made  decinormal 
by  diluting  the  official  volumetric  solution  to  ten  times  its  bulk  mih  water. 
The  whole  is  evaporated  to  dryness,  and  incinerated  at  the  lowesT  possible 
temperature.  25  c.c.  of  decinorma!  solution  of  sulphuric  acid  (made  to 
exactly  balance  the  sodium  hydrate  solution)  are  now  added  to  the  ash,  the 
liquid  heated  to  expel  CO5,  and  filtered.  The  filter  is  washed  with  hot  water,  and 
the  washings  having  been  added  to  the  filtrate,  litmus  solution  is  added,  eoA 
the  amount  of  free  acid  ascertained  by  running  in  decinormal  soda  froi^ll 
burette.  The  number  of  c.c.  of  soda  thus  used  multiphed  by  "0049  gives  the 
amount  of  free'  sulphuric  acid  in  the  vinegar.  This  process  depencfe  on  the 
fact  that  whenever  the  ash  of  vinegar  has  not  an  alkaline  reaction,  free  mineral 
acid  was  undoubtedly  added. 

Z.    ANALYSIS  OF  URINE. 

The  following  are  the  chief  points  on  which  information  is  usually  required 
by  the  physician  who  submits  a  urine  for  examination  to  a  chemist : — 

1.  Take  the  specific  gravity,  which  should  range  from  I'ois  to  I'oasatSoT. 
Note. — In  diabetes  the  gravity  is  too  high,  s^aetimes  reaching  t'o6o,  while 

in  albuminuria  it  is  abnormally  low,  even  occf^^Blly  falling  to  1  005, 

2.  Examine  the  reaction,  which  should  be  ve^naintly  acid. 


URINE  ANALYSIS. 

\  Set  a  ponion  to  settle  in  a  long  glass,  and  examine  the  deposit  under 
r  microscope  for  calciutu  oxalate  or  phosphate  uric  acid  or  urates,  pus, 
his  of  kidney  tubes,  etc.,  etc. 

Note. — The  nature  of  the  deposit  may  also  be  confinned  chemically  as 
fellows . — 

(«)  Warm  tiie  urine  containing  the  sediment,  when,  if  the  latter  should 
dissolve,  it  consists  entirely  of  uutes.     In  this  case  let  it  once 
more  crystallize  out,  and  examine  it  by  the  ordinary  course  for 
Ca,  Na,  and  NH^,  to  ascertain  the  bases. 
ifi)  If  the  deposit  be  not  dissolved  by  heating,  let  it  settle,  wash  once 
'  by  decantalion   with   cold  water,  and  warm  with  acetic  acid. 

Phosphates  will  dissolve,  and  may  be  re  precipitated  from  the 
solution  by  excess  of  NH^HO,  filtered  out,  well  washed  with 
boiling  HjO,  dissolved  in  HCjHjOj  and  examined  for  Ca  or 
Mg  by  the  usual  course  for  these  metals  in  presence  of  PO^. 
(i:)  If  the  deposit  be  insoluble  in  acetic  acid,  warm  it  with  HCL     Any 
soluble  portion  is  calcium  oxalate,  which  may  be  repiecipitated 
by  NH^HO. 
((/) ,  If  the  deposit  be  insoluble  in  HCl  it  is  probably  uric  acid.     In 
this  case  apply  the  murexid  test  as  follows.     Place  it  in  a  small 
white  dish,  remove  moisture  by  means  of  a  piece  of  bibulous 
paper,  add  a  drop  or  two  of  strong  HNOj  and  evaporate  lo 
dryness  at  a  gentle  heat.     When  cold  add  a  drop  of  NH^HO, 
which  will  produce  a  purple  colour  deepened  to  violet  by  a  drop 
of  KHO. 
fTest  for  albumen,  as  follows  : — 
(a)  Take  a  drachm  of  the  urine  and  add  from  lo  to  15  drops  of  strong 
nitric  acid,  when  any  albumen  present  will  be  coagulated,  and 
form  a  distinct  cloud. 
(?)  Milton's  Mercurial  Colour  Test. — Take  equal  parts  by  weight  of  Hg 
and  strong  HNO,  and  dissolve  by  gentle  heat,  adding  after- 
wards z  parts  of  hot  H,0.     Set  the  whole  aside  to  crystallize, 
pour  off  the  mother  liquor  and  keep  it  for  use.     The  solution 
added  to  albuminous  urine  turns  it  red,  and  the  colour  deepens 
by  warming  nearly  to  boiling. 
I   (c)  Bodeker's  Method. — Take  a  drachm  of  the  urine,  acidulate  it  with 
acetic  acid,  and  add  some  potassii^  ferrocyanide  drop  by  drop 
till  a  clear  excess  has  been  added.     If  during  the  addition  a 
precipitate  forms,  albumen  is  to  be  suspected. 
Note.—  Ot  these  three  methods,  {a)  is  decidedly  the  most  reliable, 
(rf)  If  the  result  of  (a)  shows  the  presence  of  albumen,  take  a  weighed 
quantity  of  the  urine,  and  allow  it  to  drop  into  boiling  water 
acidulated  with  acetic  acid.      Collect  the  precipitate  on  a  tared 
filter,  wash  with  boiling  water,  dry  at  Jia",  weigh,  and  deduct 
the  weight  of  the   filter,  when  the  balance  =  albumen  in  the 
weight  of  urine  operated  upon. 
RTest  for  grape  sugar,  as  follows  : — 

(a)  Maoris  Test. — Acidulate  with  acetic  acid,  boil,  and  filter  out  any 
albumen  if  necessary.  Then  mix  the  filtrate  with  equal  parts 
of  liquor  potasste  and  heat  to  boiling,  when  ordinary  urine  will 
,  turn  brownish-red,  but  saccharine  urine  will  become  dark  brown 
or  black. 
\  Tremmer's  Test. — Add  to  some  urine  in  a  test-tube  5  to  10  drops 
of  solution  of  cupric  sulphate  (gr.  x.  in  ji.),  then  add  solution  of 
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KH.0  iinti!  the  precipitate  first  formed  is  retiissolved. 

heat  the  solution  till  nearly  boiling,  when,  if  sugar  be  presi 

brick -red  precipitate  of  cuprous  oxide  forms, 
\  (i-)  Fekliugs  Test. — Render  the  urine  alkaline  with  potassium  hy 

and  filter  to  remove  any  phosphates,  etc.,  which  may  precipitate^ 
\  Boil  the  filtrate  with  Fehling's  solution  of  copper  (see  page 

159),  and  if  a  red  precipitate  should  form,  sugar  is  present 

(a)  If  the  presence  of  sugar  be  thus  ascertained,  estimate  its  amount 

by  taking  10  grammes  of  the  uriue  and  diluting  it  with  water  to 
ioo  c.c.  Place  this  solution  into  a  burette,  and  nm  it  gradually 
into  10  cc  of  Fehling's  solution,  kept  boiling  in  a  ba^in  as 
directed  under  the  volumetric  analysis  of  sugar,  page  160.  The 
number  of  cc.  of  urine  used  will  contain  '01  of  grape  sugar,  and 

then  '.°°  "  °'  =  sugar  in  the  10  grammes  of  urine  taken, 
cc  used 

6.  Test  for  Bile,  as  foUows  :— 

{a)  Gmelin's  Tat  Jor  Bile  Pigments. — Place  a  drachm  of  nitric  acid  in  a 
test-tube  and  cautiously  pour  upon  it  an  equal  volume  of  the 
urine.  In  the  presence  of  bile  a  play  of  colours  from  green  to 
violet,  blue,  and  red  will  be  observed  where  the  liquids  touch. 

(b)  PeiUnkufa's  Test  for  Biliary  Acids. — Mix  equal  parts  of  urine  and 

sulphuric  acid,  add  one  drop  of  satiurated  syrup,  and  apply  a 
gentle  heat     If  biliary  acids  be  present,  the  colour  will  change 
from  cherry-red  to  deep  purple. 
Note. — Bilious  urine  is  usually  of  a  brownish-green  colour. 

7.  Test  for  Urea,  as  follows  : — 

(<7)  Separate  any  albumen  (as  directed'  in  Moore's  test)  if  necessary, 
and  evaporate  an  ounce  of  the  urine  to  a  syrupy  consistence  on 
the  water-bath.  When  cold  add  nitric  acid,  drop  by  drop,  till 
crystals  of  nitrate  of  urea  cease  to  deposit 

{b)  Estimate  the  amount  of  urea  by  mercuric  nitrate  as  directed  at 
p^e  160,  or,  if  inconvenient,  ascertain  roughly  whether  the'urea 
is  in  excess  as  follows  :  Take  a  drop  of  the  clear  urine,  place 
it  on  a  glass  slide,  add  a  drop  of  nitric  acid,  and  place  under 
the  microscope.  If  flat  rhombic  or  hexagonal  plates  of  nitrate 
of  urea  be  thus  formed,  without  concentration  of  the  urine,  then 
the  urea  is  in  excess  of  the  natural  amount. 

8.  Test  for  Uric  Acid  by  mixing  one  ounce  of  the  urine  with  one  drachm  of 
hydrochloric  acid  in  a  beaker,  and  set  aside  for  some  hours.  The  uric  aqtt 
will  be  deposited  in  reddish-brown  crystals,  which  may,  if  desired,  be  weighra 
and  proved  by  the  murexid  test  (page  197). 

9.  Test  for  Phosphates,  as  follows  : — 

(a)  Add  to  one  ounce  of  the  urine  a  slight  excess  of  ammonium 
hydrate,  and  boil.  Ca^aPO^  and  MgNH^PO^  will  both  be 
■precipitated,  and  the  precipitate,  if  more  than  a  distinct  cloud, 
should  be  filtered'  out,  dissolved  in  HCl,  and  analyzed  by  the 
ordinary  process  already  given  for  phosphates. 

(V)  After  filtering  out  the  earthy  phosphates  as  above,  alkaline  phos- 
phates may  be  tested  for  by  adding  magaesta  mixture  to  the 
filtrate  and  getting  the  usual  precipitate  of  MgNHjPOi  after 
standing  some  hours  in  a  cold  place.  This  may  be  estiiuated 
if  required  as  usual. 
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rp.  Test  for  Sulphates,  as  follows  : — 

Acidulate  a  weighed  quantity  of  the  urine  with  HCl,  waraij  and  add 
excess  of  BaClg.  If  the  precipitate  appear  too  copious,  estimate 
as  usual. 

1 1.  Test  for  Chlorides,  as  follows : — 

Acidulate  a  little  of  the  urine  with  HNO3  and  add  excess  of  argentic 
nitrate.  If  the  precipitate  thus  produced  looks  very  large,  a 
weighed  quantity  of  the  urine  should  be  mixed  with  some 
potassium  nitrate,  evaporated  to  dryness,  and  fused.  The 
residue  is  then  to  be  dissolved  in  water  and  the  chlorine 
estimated  volumetrically  by  argentic  nitrate  with  potassium 
chromate  as  the  indicator. 

1 2.  Blood  is  best  seen  under  the  microscope  ;  but  urine  containing  it  has 
always  a  very  characteristic  smoky  appearance.  A  test  for  blood  is  to  add 
tincture  of  guaiacum  and  ethereal  solution  of  hydrogen  peroxide,  which  pro- 
duce a  sapphire  blue;  but  such  colour  of  itself  should  not  be  taken  as  positive 
proof  without  the  blood  discs  being  also  visible  under  the  microscope. 


ZI.  ANALYSIS  OF  UBINART  CALCULI. 

The  following  table  will  show  at  a  glance  the  composition  and  methods  of 
proving  the  various  calculi. 

L  Calculi,  fragments  of  which,  heated  to  redness  on  platinum, 
«  entirely  bnm  away. 


Name. 


Uric  Add  CjN4H403 


Ammoniom  Urate 


Cystine  C8H7NSOJ 


Xanthin  CJH4N4O8 


Physical  Characters. 


Brownish-red  ;  smooth 
or  tuberculated ; 
concentric  laminae 
(common) 


Clay-coloured ;  usually 
smooth,  and  rarely 
with  fine  concentric 
laminae  (uncommon) 

Brownish-yellow, 
semi-transparent  and 
crystalline         (very 
uncommon) 

Pale    polished  brown 
surface        (very 
uncommon) 


Chemical  Characters. 


Insoluble  in  water  ;  soluble  in  KHO 
by  heat,  but  evolves  no  NH3  ;  Dis- 
solves with  effervescence  in  HNO3 
and  the  residue  on  evaporating 
the  solution  is  red  and  gives  the 
murtxid  test. 

Soluble  in  hot  water ;  soluble  in 
heated  KHO,  evolving  NII3. 
Behaves  with  UNO,  like  uric  acid. 

Insoluble  in  H,0,  alcohol,  and  ether. 
Soluble  in  NH4HO  and  depositing, 
when  allowed  to  evaporate  sj^on- 
taneously,  hexagonal  plates.  When 
heated,  gives  off  odour  of  CS.^. 

Soluble  in  KHO ;  soluble  in  HNO.., 
without  effervescence,  and  the  solu- 
tion leaves  on  evaporation  a  deep 
yellow  residue. 
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n.  Calculi,  fragments  of  which,  heated  to  redness  on 

do  not  hum  away. 


Namb. 

Physical  Characters. 



Chemical  Cmakactkss. 

Calcium           Oxalate, 
mulberry      calculus, 
CaC304 

Tricalcium  Phosphate, 
bone-earih    calculus^ 
Ca2P04 

Magnesium       Ammo- 
nium       Phosphate, 
triple  phosphate  cal- 
culus, MgNH4P04 

Mixed    Phosphates  of 
Ca,    Mg,  and  NH4, 
fusible  calculus 

Deep  brdwn,  hard  and 
rough;    thick  layers 
(common) 

• 

Pale  brown,  with  regu- 
lar lamina  (uncom- 
mon) 

White,  brittle,  crys- 
talline, with  an  un- 
even and  not  usually 
laminated  surf&ce 
(uncommon) 

White,  and  rarely 
laminated 

Insoluble  in  acetic  add,  but  soluble 
without  efTervescence  in  HCl ; 
heated  to  redness,  it  is  converted 
into  CaCOg  whidi  dissolves  with 
effervescence  in  acetic  acid,  and  the 
solution  gives  a  white  precipitate 
with(NH4)3C,04.  Heated  strongly 
before  the  blow-pipe,  CaO  remains, 
which,  when  moistened,  is  alkaline 
to  test-paper. 

Infusible  before  the  blow-pipe,  and 
residue,  when  moistened,  is  not  al- 
kaline. Soluble  in  HCl,  and  the 
solution  gives  a  gelatinous  precipi- 
tate with  excess  of  NH4HO. 

Fusible  with  difficulty  before  the 
blow-pipe,  evolving  NHj,  and  re- 
sidue not  alkaline.  Soluble  in  HCl , 
and  solution  gives  white  crysttUlim 
precipitate  with  NH4HO. 

Readily  fusible  before  the  blow-pipe. 
Soluble  in  acetic  acid,  and  solution 
gives  a  white  precipitate  with 
(NH4)jCa04,  and  the  filtrate  ftom 
that  precipitate  gives  a  white  pre- 
cipitate with  excess  of  NH4HO. 

APPENDIX. 


WEIGHTS  AND  MEASURES  OF  THE  METRICAL  STSTEM. 

From  the  British  Pharmacopoeia  ^1867. 

Weights. 

I  Milligramme  =  the  thousandth  part  of  one  gramme,  or       cooi  gramme* 

I  Centigramme  =  the  hundredth               „  o'oi  „ 

I  D^igramme   =  the  tenth                       „  01  „ 

I  Gramme    .     =  weight  ofa  cubic  centimetre  of  water  at  4°C.  I'o  „ 

I  Decagramme  =  ten  grammes  10*0  „ 

I  Hectogramme  =  one  hundred  grammes  loco  „ 

I  Kilogramme    =  one  thousand  grammes  loooo  (i  kilo.). 

Measures  of  Capacity. 

I  Millilitre  =  i  cubic  centimetre,  or  the  measure  of  i  gramme  of  water. 

I  Centilitre  =  10             „                      „                10        „            ,> 

I  DA:ilitre  =  100              „                       „               100        „            „ 

I  Litre   .  =  1000              „                       „             1000        „        (i  kilo.). 

Measures  of  Lengtb. 

I  Millimetre   =  the  thousandth  part  of  one  m^treor,  o'ooi  m^tre. 
I  Centimetre  =  the  hundredth  „  o-oi        „ 

I  D^imetre  =  the  tenth  „  ci  „ 

I  Metre    .      =  the  tenth-millionth  part  of  a  quarter  of  the  meridian  of  the 

earth. 

WEIGHTS  AND  MEASURES  OF  THE  BRITISH  PHARMACOFCEIA  OF 

1867. 

Weights. 

I  Grain  gr. 

I  Ounce        oz.  .         .  =       437*5  grains. 

I  Pound        lb.   =    16  ounces     -      7000        „ 

Measures  of  Capacity. 

I  Minim  min. 

I  Fluid  Drachm  fl.  drm.  =       60  minims. 

I  Fluid  Ounce  fl.  oz.  =         8  fluid  drachms. 

I  Pint  O.  -       20  fluid  ounces. 

I  Gallon  C.  =8  pints. 

Measures  of  Length. 
I  Line  =  ^  inch. 
I  Inch  =  *—  seconds-pendulum. 

SO'l  SOS  *^ 

I  a    „    =1  foot. 

36    »>    =»  3  feet  =  I  yard. 
Length  of  pendulum  vibrating  seconds  of  mean  time  in  the  )       .  •    1 

latitude  of  London,  in  a  vacuum  at  the  level  of  the  sea.  j   39    393 
(i  cubic  inch  of  distilled  water  at  62°  F.  and  30  inch  Barom.  -  252*458  grains.) 

Relations  of  Measures  to  Weights. 

I  Minim  is  the  measure  of  0*91  grain  of  water. 

I  Fluid  Drachm        „  54*68  grains  of  water. 

I  Fluid  Ounce          „     i  ounce,  or  437*5             »» 

I  Pint                       „     1*25  pound,  or  8750*0 

I  Gallon  >»  10  pounds,  or   70,000*0  „ 
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A. 

Absorption  spectra,  21. 
Acetate,  plumbic,  53,  107. 

Potassium,  107. 

Sodium,  107. 

„      solution,  161. 

Zinc,  107. 
Acetates,  74,  106,  131,  135. 
Acetic  acid,  74,  106. 

Vapour,  density,  16. 
Acetum,  155. 

Acid,  acetic,  74,  106,  155,  156. 

anhydrous,  156. 
dil.,  155. 
glacial,  155. 
vapour,  density,  16. 

Antimonic,  73. 

Arsenic,  69,  71,  179. 

Arsenious,  71,  105. 

„  estimation,  157. 

Benzoic,  79,  135. 

Boracic,  59. 

Boric,  59. 

Bromic,  52. 

Carbolic,  79. 

Carbonic,  59. 

Chloric,  50. 

Chlorous,  50. 

Chromic,  73. 

Cinnamic,  80. 

Citric,  78,  no,  155,  156. 

Cyanic,  65. 

Cyanuric,  65. 

Ferricyanic,  66. 

Ferrocyanic,  65. 

Fluoric,  49. 

Formic,  74. 

Fulminic,  65. 

GaUic,  81. 

Hydriodic,  52,  176. 

Hydrobromic,  51,  176. 

Hydrochloric;  49,  82,  155,  156, 

176. 
„  dil,  155. 
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Acid,  hydrocyanic,  63,  T03,  145,  146, 

156,  176. 
Scheele's  iron  test, 

64. 
Schonbein's     test, 

64. 
Silver  test,  64. 
Sulphur  test,  64. 
Hydrofluoric,  49. 
Hydrofluosilicic,  61. 
Hydrosulphuric,  55. 
Hypobromous,  51. 
Hypochlorous,  50. 
Hypophosphorous,  67. 
Iodic,  53. 
Lactic,  76. 
Malic,  77. 
Manganic,  72. 
Meconic,  79. 
Metaphosphoric,  68. 
Nitric,  62,  loi,  155,  156,  178. 
„      anhydrous,  156. 
„      dil,  155. 
Nitro-hydrochloric,  dil,  155. 
Nitrous,  61. 
Oleic,  75. 

Orthophosphbric,  68. 
Oxalic,  76;*io8,  145,  180. 

„        solution,  B.P.,  151,  162. 
Periodic,  54. 
Permanganic,  72. 
Phenic,  79. 
Phosphoric,  104,  178. 

estimation,  161. 
separation,  179. 
c  Iron   and    alum- 
inium, 179. 
c.  Lime   and    mag. 
nesia,  179. 
Phosphorous,  68. 
Pyrogallic,  81. 
Pyrophosphoric,  68. 
Salicic,  60. 
Salicylic,  80. 
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99 
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Acid,  silicic,  i8o. 
Stannic,  73. 
Stearic,  75. 
Succinic,  76,  135. 

Sulphuric,  7, 58, 99, 1 5 5»  156, 178- 
anhydrous,  156. 
aromat,  155. 
dil.,  155. 
free,  196. 
Sulphurous,  57,  98. 

„  estimation,  157. 

Tannic,  81. 

Tartaric,  77,  109,  155,  156,  180. 
Thiocyanic,  65. 
Thiosulphuric,  57. 
Uric,  198. 
Valerianic,  75. 
Acids,  biliary,  198. 

Free,  estimation,  155. 
Mineral,  144. 
Acidulous  radicals,  49-81,  130-137. 
Gravimetric  estimation,  176-180. 
Acidum  aceticum,  106. 

dil.,  10. 
glaciale,  10. 
Arseniosum,  105. 
Carbolicum,  10. 
Citricum,  no. 
Hydrochloricum,  10,  82. 
„  dil.,  10. 

Hydrocyaniot^n,  10. 

„  dilutum,  103. 

Nitricum,  10,  loi. 
„  dil,  10. 

Nitro-hydrochloricum,      dilutum 
10,  lOI. 

Oxalicum,  108. 

Phosphorioim,  dilutum,  104. 

Sulphuricum,  10,  99. 

„  aromat.,  10. 

„  dil.,  10 

Sulphurosum,  10,  98. 

Tartaricum,  109. 
Aconitia  (aconitine),  142,  148. 
Adulterations,  quinine,  139. 
JEther,  purus,  10.  ' 

iEtheris  nitrosi  spiritus,  10. 

Spiritus,  10. 
Albumen  (urine),  197. 
Albuminoid  ammonia,  189. 
Albuminuria,  196. 
Alcohol  amylicum,  10. 

Percentage,  Fownes,  195. 

Rectified,  7. 

Thermometers,  4. 


Alcoholic  strength,  194. 
Alkaline  carbonates,  estimation,  154. 
Hydrates,  estimation,  153. 
Nitrates,  178. 
Phosphates,  179. 
Alkaloid  table,  Brunner,  147,  148. 
Alkaloids,  mixed,  191,  143. 
Alkaloids,  official,  detection,  138, 142. 

Poisonous,  147. 
Alum,  18. 
Alumen,  100. 
Aluminic  oxide,  172. 
Aluminium,  39. 

Dry  reaction,  39. 
Estimation,  172. 
Separation,  39. 
Wet  reactions,  39. 
Ammonia,  albuminoid,  189. 
Conversion,  178. 
Free,  189. 
Ammoniae  carbonas,  94,  154. 
Liquor,  10,  88,  154. 

„       fort.,  154. 
Phosphas,  104. 
Spiritus  aromaticus,  10. 
Ammoniatum  hydrargyrum,  84. 
Ammonii  bromidum,'88. 

Chloridum,  82. 
Ammonium,  48. 

Dry  reactions,  48. 
Estimation,  176. 
Separation,  48. 
Solubility,  137. 
Wet  reactions,  48. 
Ammonium  Bromide,  88. 
Carbonate,  94, 
Chloride,  82. 
Ferric  citrate,  in. 
Hydrate,  88. 
Oxalate,  108. 
Platino-chloride,  176. 
Sulphydrate,  145. 
Ammonium-aluminium  sulphate,  100. 
Ammonium,    quinine,    and     ferrous 

ferric  citrates,  112. 
Amorphous  phosphorus,  67. 
Analysis,  cinchona  barks,  191. 
Qualitative,  82-137. 
Quantitative,  gravimetric,    163- 

180.    , 
„  volumetric,     150- 

162. 
Special  processes,  186-200. 
Spectrum,  19. 
Toxicological,  1^4-149. 
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Analysis,  ultimate  organic,  181-185. 
Urinary  calculi,  199,  200. 
Urine,  196-199. 
Volumetric,  Sutton,  161. 
Analyzer,  22. 
Aneroid  barometer,  14. 
Aniline,  138. 
Antimonic  acid,  73. 
Antimonii  chloridi  liquor,  10. 
Chloridum,  85. 
Oxidum,  93. 
Antiraonious  antimonic  oxide,  169. 
Antimonious  chloride,  85. 
Oxide,  93. 
Sulphide,  98. 
Antimonium  sulphuratum,  98. 

Tartaratum,  no. 
Antimony,  34,  144. 

Dry  reaction,  34. 
Estimation,  169. 
Separation,  34. 
Solubility,  136. 
Stain,  145. 
Wet  reactions,  34. 
Apparatus,  volumetric,  150. 
Argenti  oxidum,  90. 
Argentic  chloride,  165. 
Nitrate,  loi. 

„        standard    solution,  152. 
Sulphate,  135. 
Arseniate,  separation  from  phosphate, 

72. 
Arseniate,  ferrous,  106. 

Of  soda,  estimation,  157. 
Arseniates,  71,  72,  105,  134,  179. 
Arsenic,  33,  144,  145. 

Dry  reaction,  33. 
Estimation,  170. 
Separation,  34. 
Stain,  145. 
Wet  reactions,  33. 
Arsenic  acid,  69,  71,  179. 
Arsenicalis  liquor,  10. 
Arsenici  liquor  hydrochloricus,  10. 
Arsenious  acid,  71,  105. 
Estimation,  157. 
Sulphide,  170. 
Arsenites,  71,  105. 
Atmospheric  pressure,  13. 
Atropia  (atropine),  141,  142, 143, 148. 
Aurantii  syrupus,  10. 
Auric  chloride,  180. 
Available  chlorine,  estimation,  158. 
Axes  (crystalline),  18. 


B. 
Balance,  the,  8. 
Barium,  43. 

Dry  reaction,  44. 
Estimation,  173. 
Separation,  44. 
Solubility,  137. 
Wet  reactions,  43. 
Barium  sulphate,  173,  178. 
Bark,  yellow,  191. 
Barks,  cinchona  analysis,  191. 
Barometer,  13,  14. 

Aneroid,  14. 
Barometrical  pressure,  7. 
Bath,  steam,  7. 
Battery,  the,  22. 
Beads,  specific  gravity,  1 1. 
Beberia  (beberine),  142. 
Beberiae  sulphas,  112. 
Benzoates,  79,  80,  131,  135. 
Benzoic  acid,  79,  135. 
Bicarbonate  sodium,  95. 
Bichromate  potassium,  94. 
Bile  (urine),  198. 
Biliary  acids,  198. 
Bismuth,  30. 

.     Dry  reaction,  31. 
Estimation,  168. 
Separation,  31. 
Solubility,  136. 
Wet  reactions,  30. 
Bismuth  and  ammonium  citrate,  in. 
Oxide,  168. 
Sulphide,  168. 
Bismuthi  et  ammonise  citratis  liquor, 
10,  III. 
Oxidum,  93. 
Subcarbonas,  97. 
Subnitras,  102. 
Bismuthic  oxynitrate,  102. 
Bismuthyl  carbonate,  97. 

Nitrate,  102. 
*Blood  (urine),  199. 
Blowpipe,  23,  24. 
Supports,  24. 
Bodeker's  test  (urine),  197. 
Bodies,  amorphous,  17. 
Crystalline,  17. 
Isomorphous,  iS. 
Polymorphous,  17. 
Boiling  point,  7. 
Mercury,  4. 
Water,  4. 
Boracic  acid,  59. 
Borax,  18,  106,  155. 
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Borates,  59,  60,  106,  134. 

Boric  acid,  59. 

B.P.  volumetric  solution,  oxalic  acid, 

i6;s. 
Bromates,  52,  130. 
Bromic  acid,  52. 
Bromide  ammonium,  88. 

Potassium,  18,  87. 
Bromides,  51,  87,  88, 130,  133,  176. 

Estimation,  156. 

Insoluble,  51. 

Separation  of  from  nitrates,  63. 

With  iodides,  detection  of,  53. 
Bromidum  ammonii,  88. 

Potassii,  87. 
Bromine,  10,  51. 

Estimation,  177. 

Vapour,  145. 
Brown  lead,  93. 

Brucia  (brucine),  141,  143,  148. 
Brunner's  alkaloid  table,  147, 148. 
Bunsen  burner,  20,  25. 
Burette,  151. 

C. 

Cadmii  iodidum,  86. 
Cadmium,  32. 

Dry  reaction,  32. 
Estimation,  167. 
Separation,  132. 
Solubility,  136. 
Wet  reactions,  32. 
Cadmium  iodide,  86. 
Oxide,  167. 
Sulphide,  167. 
Calcic  carbonate,  180. 

Oxide,  180. 
Calcii  chloridum,  83. 
Phosphas,  105. 
Calcis  carbon  as  precipitata,  96. 
Chloratae  liquor,  10. 
Hydras,  89. 
Hypophosphis,  104. 
Liquor,  89,  154. 

„       sacchar.,  154. 
Sulphas,  99. 
Calcium,  45. 

Dry  reaction,  45. 
Estimation,  173. 
Separation,  45. 
Solubility,  137. 
Wet  reactions,  45. 
Calcium  carbonate,  173,  174. 

„        precipitated,  96. 
Chloride,  83. 


Calcium  hypophosphite,  104. 

Oxide,  I,  90,  173,  174. 

Phosphate,  105. 

Sulphate,  99. 
Calculation  (volumetric),  152. 
Cs^culi,  urinary,  analysis,  199,  200. 
Calorescence,  20. 
Calorimeter,  5. 
Calx,  90. 

Chlorata,  85. 

„        solution,  145. 
Cane  sugar,  18. 
Carbolates,  79,  131,  135. 
Carbolic  acid,  79. 

Detection  of,  80. 
Carbon,  59. 

Estimation,  181,  182^ 
Carbonate  ammonium,  94. 

Bismuthyl,  97. 

Calcium,  173,  174,  180. 
„       precipitated,  96. 

Ferrous,  96. 

Lithium,  94. 

Potassium,  95. 

Sodiiun,  18,  95. 

Strontium,  174. 
Carbonates,  59,  94-97,  130. 

Alkaline,  estimation,  154. 
Carbonic  acid,  59. 

Anhydride,  59. 
Cell,  voltaic,  22. 

Galvanic,  22. 
Celsius  thermometer,  3. 
Centigrade  thermometer,  3. 
Centigramme,  8. 
Centilitre,  8. 
Centimetre,  8. 
Centi-normal  solution,  150. 
Cerii  oxalas,  108. 
Cerium,  38. 

Dry  reactions,  38. 
Separation,  39. 
Solubility,  137. 
Wet  reactions,  38. 
Cerium  oxalate,  108. 
Chemical  processes,  1-25. 
Chlorate  potassium,  85. 
Chlorates,  50,  85,  131. 
Chlori  liquor,  10. 
Chloric  acid,  50. 
Chloride  ammonium,  82. 

Antimonious,  85. 

Argentic,  165. 

Auric,  180. 

Calcium,  83. 
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Chloride,  ferric,  84. 

Mercur-ammonium,  84. 
Mercuric,  83. 
Mercurous,  83,  166. 
Palladious,  52. 
Platinic,  84. 
Sodium,  18,  83,  176. 
Stannous,  84. 
Zinc,  83. 
Chlorides,  49,  82-85,  131,  133. 
Estimation,  156. 
Separation  of,  50,  53. 
Insoluble,  50. 
Chlorides  (urine),  199. 
•        With  bromides,  detection  of,  51. 

With  iodides,  detection  of,  53. 
Chloridum  antimonii,  85. 
Calcii,  83. 
Hydrargyri,  83. 
Sodii,  83. 
Zinci,  83. 
Chlorinated  lime,  85. 

Soda,  85. 
Chlorine,  49. 

Estimation,  177,  184. 
Available,  estimation,  158. 
Chlorine  as  chlorides  (water),  188. 
Chlorites,  50. 

Separation  of,  50. 
Chloroform,  7,  10. 
Chloroformi  spiritus,  10. 
Chlorous  acid,  50. 
Chromate,  acid  potassium,  18. 
Chromates,  73,  134. 
Chromic  acid,  73. 
Chromium,  39. 

Detection  of,  71. 
Dry  reactions,  40. 
Estimation,  172. 
Separation,  40. 
Solubility,  137. 
Wet  reactions,  39. 
Chromium  oxide,  172,  173. 
Cinchona        alkaloids,         complete 

analysis,  191. 
Cinchona  pallida,  191. 

„       rubra,  191. 
Cinchonas  flavae  extractum  liq.,  10. 
Cinchonidine,  139,  192. 
Cinchoninia  (cinchonine),   139,  143, 

192. 
Cinchonine  in  quinine,  detection,  139. 
Cinnabar,  91. 
Cinnamates,  80. 
Cinnamic  acid,  80. 


Circular  polarization,  2 1 . 
Citrate  ammonium,  ferric,  iii. 

Bismuth  and  ammonium,  11 1. 

Lithium,  no. 

Potassium,  no. 
Citrates,  78,  no,  131,  134. 

Separation  of,  78. 
Citric  acid,  78,  no. 
Clarke's  table  (water  hardness),  187. 
Cobalt,  43. 

Dry  reactions,  43. 

Estimation,  170. 

Separation,  43. 

Solubility,  137. 

Wet  reactions,  43. 
Codeia  (codeine),  140. 
Coil,  induction,  23. 
Colchicina  (colchicine),  142,  143,148. 
Colloids,  17. 

Combustion  furnace,  181. 
Condenser,  6. 
Confirmatory  reagents,  26. 
Conia  (conine),  138,  148. 
Conversion  of  thermometric  scales,  4. 
Copper,  31,  167.' 

Dry  reactions,  32. 
Estimation,  167. 
Separation,  32. 
Wet  reactions,  31. 
Copper  (ic),  solubility,  136. 

„       (ous),  solubility,  136. 
Correction,     volume     of    gases    for 
temperature,  15. 

Pressure,  15. 
Creasote,  10. 
Crucible,  6. 
Crystals,  17. 
Crystalline  bodies,  17. 
Crystallization,  17. 

Water  of,  18. 
Cubic  system,  18. 
Cupellation,  6,  168. 
Cupri  sulphas,  100. 
Cupric  oxide,  167. 

Salts,  66. 

Sulphate,  18,  100. 
Current,  galvanic,  22. 
Cyanates,  65. 
Cyanic  acid,  65. 
Cyanides,  63,  64, 103, 130,  133,  176. 

Detection  of,  67. 
Insoluble,  65. 

Separation  from  chlorides,  65. 
Cyanogen,  63,  156. 
I  Cyanuric  acid,  65. 
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D. 

Decagramme,  8. 
Decalitre,  8. 
Decambtre,  8. 
Decantarion,  2. 
Decigramme,  8. 
Decilitre,  8. 
Decimetre,  8. 
Deci-normal  solution,  150. 
Delphinia,  142,  148. 
Density  of  gases,  13. 

Vapours,  13. 
Detection  of  alkaloids,  138-142. 

Mixed,  143. 

Of  metals,  26. 
Detection  of  unknown  salts,  1 13-137. 
I.  General    preliminary    examina- 
tion, 113. 

Case  I.  Substance  a  fluid,  113- 

Case  2.  Substance  a  solid,  115, 
116. 

II.  Preparation     of     solution    for 

analysis  of  metals,  if  sub- 
stance be  not  already  dis- 
solved, 117. 

III.  Detection  of  metal,  117. 
Table.  Detection    of  metal   in 

solution,    with    one     base, 

118. 
Table.    Separation    of    metals 

into  groups,  120. 
Table  A.  Metals.  Group  I.,  121. 

B.  „  Group  II., 
Division  (df),  122. 

C.  „         Group   II., 
Division  (b),  123. 

D.  ,,        Group  III., 
Division  (a),  124. 

E.  „  Ditto,  cum  phos- 
phoric acid,  125. 

F.  „         Group  III., 
Division  (^),  126. 

G.  ,,     Group  IV.,  127. 
H.       „     Group  v.,  128. 

IV.  Preliminary      examination      of 

acidulous  radicals,  130. 
V.  Preparation  of  solution   before 
analysis  of  acidulous   radi- 
cals, 132. 
Case    I.    Substance   soluble   in 

water,  or  in  solution,  132. 
Case    2.     Substance    insoluble 
in  water;  soluble  in  acids, 
132. 
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Case   3.    Substance  insofaibk 
in  water  and  acids,  152. 
VI.  Detection  and  separatioo  of 
acidulous  radicals,  132-135. 
Separations,  133. 
VII.  Solubility.    Table,  136. 
Dextro-gyration,  21. 
Diabetic  urine,  196. 
Dialysis,  19. 
Diammonium   hydrogen   pho^hatc, 

104. 
Diamond,  '18. 
Digitalin,  148. 

Disodium  hydro-arseniate,  105. 
Distillate,  6. 

Distillation,  fractional,  6. 
Double  refraction,  21. 
Drying  precipitates,  164, 
Dumas    (nitrogen    estimation),  184. 
Dupr^,  Dr.  (morphia),  140. 
Dynamic  electricity,  22. 

E. 
Ebullition,  7. 
Elaterin,  estimation,  193. 
Elaterium,  193. 
Electric  light,  23. 
Electricity,  22. 

Dynamic,  22. 

Statical,  22. 
Electrode,  negative,  23. 

Positive,  23. 
Electrolysis,  22. 
Element,  galvanic,  22. 
Emetine,  estimation,  193. 
Erdmann's  float,  151. 
Ether,  pure,  7. 

P^thiops  mineral,  98. 

Ethylsulphates,  75. 

Evaporation,  7. 
Extractum  cinchonae  flavx  liq.,  10. 

Sarzas  liq.,  10. 
Extraordinary  ray,  21. 


F. 


a- 


Fahrenheit  thermometer, 
Fehling's  solution,  159,  160. 

Test  (grape  sugar),  198. 
Ferri  arsenias,  106. 

Carbonas  saccharata,  96. 

lodidi  syrupus,  10. 

lodidum,  87. 

Oxidum  magneticum,  92. 

Perchloridi  liquor,  10,  84. 
tinctura,  10. 
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Ferri  pemitratis  liquor,  10,  102. 

Peroxidum  humidum,  89. 
„  hydratum,  89. 

Persulphatis  liquor,  10,  loi. 

Phosphas,  105. 

Sulphas,  17,  100. 

„        granulata,  17. 
Ferri  et  ammonia  citras,  iii. 

„     et  quiniae  citras,  1 1 2. 
Ferric  chloride,  84. 

Hydrate,  89. 

Oxide,  171. 

Oxy-hydrate,  89. 
Ferricyanic  acid,  66. 
Ferricy anide  potassium,  103. 
Ferricyanides,  66,  103,  131,  132. 
Ferro  from  ferri  cyanides,  separation, 

66. 
Ferrocyanic  acid,  65. 
Ferrocy^nide  potassium,  18,  103. 
Ferrocyanides,  65,  66,  103,  131,  132. 
Ferroso-ferric  oxide,  92. 
Ferrous  arseniate,  106. 

Carbonate,  96. 

Iodide,  87. 

Phosphate,  105. 

Salts,  estimation,  158,  159. 

Sulphate,  18,  100. 
Ferrum  tartaratum,  iii. 
Filters,  preparation  of,  163. 

Swedish,  163. 
Filtration,  3. 
Flame,  constitution  of,  23. 

Oxidizing,  24. 

Reducing,  24. 
Flask,  measuring,  151. 
Fleitmann's  test,  145. 
Float,  Erdmann,   151. 
Fluorescence,  20. 
Fluoric  acid,  49. 
Fluoride,  silicon,  61. 
Fluorides,  49. 
Foil,  platinum,  25. 
Formates,  74. 

Detection  of,  74. 
Formic  acid,  74. 
Fractional  distillation,  6.     • 

Solution,  I. 
Frauenhofer^s  lines,  20. 
Free  acids,  estimation,  155. 
Ammonia,  189. 
Sulphuric  ^cid,  196. 
Freezing  mixtures,  5. 
Point,  mercury,  4. 
water,  4. 
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Fresenius,  24. 
Fulminic  acid,  65. 
Furnace,  combustion,  181. 
Fusion,  6. 

G. 

Galileo,  13. 

Gallates,  135. 

Gallic  acid,  81. 

Gallic,  tannic,  and  pyrogallic  acid,  81. 

Galvanic  cell,  22. 

Current,  22. 

Element,  22. 
Gas,  permanent,  sp.  gr.,  15. 
Gases,  density  of,  13. 
Girdwood  &  Rogers  (strychnia),  146. 
Glucose,  estimation,  1 59. 
Glycerin,  10. 

Gmelin's  test  (bile  pigments)  198: 
Gold,  35. 

Dry  reaction,  36. 

Estimation,  168. 

Separation,  36. 

Solubility,  137. 

Wet  reactions,  35. 
Gramme,  8,  9. 
Grape  sugar  (urine),  197. 
Gravimetric  estimation,  165. 

Acidulous  radicals,  176-180. 

Metals,  165-176. 
Gravimetric      quantitative    analysis, 

163-180. 
Group  metals,  120-128. 

Reagents,  26. 
Grove's  battery,  22. 

H. 

Hardness,  permanent  (water),  188. 

Total  (water),  187. 
Heat,  latent,  5. 

Measurement  of,  3. 
Hectogramme,  8. 
Hectolitre,  8. 
Hectometre,  8. 
Hemidesmi  syrupus,  10. 
Herapathite,  192. 
Herschellian  rays,  20. 
Hexagonal  system,  18. 
Hydrargyri  chloridum,  83. 
lodidum  rubrum,  18,  87. 

„       viride,  86. 
Lotio  nigra,  91. 
Nitratis  liquor  acidus,  10,  102. 
Oxidum  flavum,  91. 
„       rubrum,  91. 
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Hydrargyri  subchloridum,  83. 

Sulphas,  100. 
Hydrargyrum  ammoniatum,  84. 
Hydras  calcis,  89. 
Hydrate,  ammonium,  88. 
Hydrates,  54,  88. 

Alkaline,  estimation,  153. 

Ferric,  89. 

Insoluble,  55. 

Soluble,  54. 
Hydrato-carbonate  magnesium,  96. 

Zinc,  96. 
Hydriodic  acid,  52,  176. 
Hydrpbromic  acid,  51,  176. 
Hydrochloric  acid,  49,  82,  176, 
Hydrocyanic  acid,  63,  103,  145,  146, 
156,  176. 

Scheele's  iron  test,  64. 

Schonbein's  test,  64. 

Silver  test,  63. 

Sulphur  test,  64. 
Hydrofluoric  acid,  49. 
Hydrofluosilicic  acid,  61. 
Hydrogen,  estimation,  181,  182, 
Hydrometer,  9,  10. 

Sykes,  11. 

TwaddeU,  11. 
Hydrosulphuric  acid,  55. 
Hypobromides,  51. 
Hypobromous  acid,  51. 
^   Hypochlorites,  50,  85,  131. 
Hypochlorous  acid,  50. 
Hypophosphite  calcium,  104. 

Sodium,  103. 
Hypophosphites,  67,  103,  104. 
Hypophosphorous  acid,  67. 
Hyposulphite  sodium,  98. 
Hyposulphites,  57,  98,  130. 

I. 
Ice,  18. 

Igniting  precipitates,  164. 
Induction  coil,  23. 
Insoluble  bromides,  51. 

Chlorides,  50. 

Cyanides,  65. 

Hydrates,  55. 

Silicates,  180. 

Sulphides,  56. 
lodate  with  iodide,  detection  of,  54. 
lodates,  53,  130. 
Iodic  acid,  53. 
Iodide,  estimation,  177. 

Cadmium,  86. 

Ferrous,  87. 


Iodide,  mercuric,  87. 
Mercurous,  86. 
Palladious,  52. 
Plumbic,  87. 
Potassium,  18,  ^d. 
Iodides,  52,  86,  87,  '130,  133, 176. 

Estimation,  156. 
lodidum  cadmii,  86. 
Ferri,  87. 
Plumbi,  87. 
Potassii,  86. 
Iodine,  52,  86. 

Estimation,  177. 
Standard  solution,  152. 
ledum,  86. 

Ipecacuanha  (emetine),  193. 
Iron,  37. 

Dry  reactions,  38. 
Estimation,  171. 

„  indirect,  172. 

Separation,  38. 
Wet  reactions,  37. 
Iron  (ferrous),  solubility,  137. 

„     (ferric),  solubility,  137. 
Iron  test  (HCN),  146. 
Isomorphism,  18. 
Isomorphous  bodies,  18. 

K. 
Kilogramme,  8,  9. 
Kilolitre,  8. 
Kilometre,' 8. 
Kingston  water  sample,  190. 

L. 
Lactates,  76. 
Lactic  acid,  76. 
Lactose,  estimation,  159. 
Lavo-gjnration,  21. 
Latent  heat,  5. 
Lead,  28. 

Dry  reactions,  29. 
Estimation,  165. 
Separation,  29. 
Solubility,  136. 
Wet  reactions,  28. 
Lead,  brown,  93. 
Plumbate,  93. 
Red,  91,  93. 
IJebig's  quinine  test,  139. 
Light,  19. 

Electric,  23. 
Polarized,  21. 
Lime,  chlorinated,  85. 
Limonis  syrupus,  10. 
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Lines,  Frauenhofer,  20. 
Liquid,  supernatant,  2. 
Liquor  ammonise,  88,  154. 

„  fortior,  10,  154. 

Antimonii  chloridi,  10. 
Arsenicalis,  10. 
Arsenici  hydrochloricus,  10. 
Bismuthi  et   ammoniac    citratis, 

10,  III. 
Calais,  89, 154. 
„      chloratse,  10. 
„       saccharatus,  10,  154. 
Chlori,  10. 

Ferri  perchloridi,  10,  84. 
„     pemitratis,  10,  102. 
„     persulphatis,  10,  10 1. 
Hydrarg3rria  acidus,  10,  102. 

„  nitratis,  10. 

Plumbi  subacetatis,  10,  108,  155. 
Potassae,  10,  89,  154. 

„       effervesc.  155. 
Sodae,  10,  88,  154. 
...    „      effervesc  155. 
„      chloratae,  10. 
Lithiae  carbonas,  94. 

Citras,  no. 
Lithium,  46. 

Dry  reaction,  46. 
Separation,  46. 
Solubility,  137. 
Wet  reactions,  46. 
Lithium  carbonate,  94. 
Litre,  8,  9. 
Lixiviation,  2. 
Lotio  hydraigyri  nigra,  91. 

M. 
Magnesia,  90. 

Mixture,  170,  179,  198. 
Magnesias  carbonas,  96. 

Sulphas,  99. 
Magnesium,  45. 

Dry  reaction,  46. 
Estimation,  174. 
Separation,  46. 
Wet  reactions,  45. 
Magnesium  ammonium  arseniate,  170. 
Hydrato-carbonate,  96. 
Oxide,  90. 

Phosphate,  separation,  71. 
Pyrophosphate,  174. 
Sulphate,  18,  99. 
Malates,  77, 
Malic  acid,  77. 
Manganates,  72. 


Manganese,  40. 

Dry  reactions,  41. 
Estimation,  171. 
Separation,  41. 
Solubility,  137. 
Wet  reactions,  40. 
Manganese  peroxide,  valuation,  162. 

Phosphate,  separation,  71. 
Manganic  acid,  72. 
Manganoso-manganesic  oxide,  171. 
Manures,  161. 

Estimation,  183. 
Marsh's  test,  144. 
Maximum  thermometers,  5. 
Measurement  of  heat,  3. 
Measuring,  7. 

Flask,  151. 
Meconates,  79,  132. 
Meconia  (meconine),  140. 
Meconic  acid,  79. 
Menstruum,  the,  i. 
Mercur-ammonium  chloride,  84. 
Mercuric  chloride,  83. 
Iodide,  87. 
Nitrate,  basic,  91. 
Oxide,  91. 
Sulphate,  100. 
Sulphide,  98,  166. 
Mercuricum,  30. 

Dry  reactions,  30. 
Separation,  30. 
Wet  reactions,  30. 
Mercurosum,  28. 

Dry  reactions,  28. 
Separation,  28. 
Wet  reactions,  28. 
Mercurous  chloride,  83,  166. 
Iodide,  86. 
Oxide,  91. 
Mercury,  7. 

Boiling  point,  4. 
Estimation,  166. 
Freezing  point,  4. 
Mercury  (ic),  solubility,  136. 

„        (ous),  solubility,  136. 
Metallic  antimony,  169. 
Copper,  167. 
Gold,  168. 
Nickel,  171. 
Platinum,  168. 
Salts,  poisonous,  144. 
Tin,  169. 
Metals,  detection  of,  26. 

Gravimetric  estimation,  1 65-1 76. 
Group,  26,  120-128. 
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Metals,  Group  I.  27-29. 
„  II.  29-36. 
„  III.  36-43. 
IV.  43-45. 
V.  45-48. 

Separation  of,  26,  70. 
Metaphosphoric  acid,  68. 
Methylated  spirit,  195. 
M^tre,  8,  9. 
Metrical  weights,  8. 
Miller  (methylated  spirit),  195. 
Milligramme,  8. 
Millilitre,*  8. 
Millimetre,  8. 

Millon's  mercurial  test  (urine),  197. 
Mineral  acids,  144. 
Minimum  thermometers,  5. 
Mixed  alkaloids,  191. 

Detection,  143. 
Mixture,  magnesia,  170,  179,  198. 
Mixtures,  freezing,  5. 
Monoclmic  system,  18. 
Moore's  test  (grape  sugar),  197. 
Mori  syrupus,  10. 
Morphia    (morphine),    139,      143, 

147,  148. 
Mother  liquor,  1 7. 
Mucilage,  starch,  52. 
Murexid  test,  197. 

N. 
Nadler  (morphia),  148. 
Narceia  (narceinc),  140. 
Narcotia  (narcotine),  140,  148. 
Negative  electrode,  23. 
Nessler's  solution,  189,  190. 
Nickel,  42. 

Dry  reactions,  42. 
Estimation,  171. 
Solubility,  137. 
Wet  reactions,  42. 
Nicors  prism,  2 1 . 
Nicotia  (nicotine),  138,  148. 
Nitrate  argentic,  10 1. 
Bismuthyl,  102. 
Palladious,  52. 
Plumbic,  53,  103. 
Potassium,  18. 
Sodium,  18. 
Nitrate  with  iodide,  detection,  of,  63. 
Nitrates,  61,  62,  loi,  102,  131,  135. 

Alkaline,  178. 
Nitric  acid,  6a.  loi,  178. 
>iiiric  ac»  rate,  detection  of. 


Nitrite  with  nitrate,  detection  of,  62. 

Nitrites,  61,  131. 

Nitrogen  as  nitrates  and  nitrites,  188. 

Estimation,  183. 
Nitrosyl,  184. 
Nitrous  acid,  61. 
Nitryl,  184. 
Normal  oxides,  55. 

Solution,  150. 

Sulphides,  55. 

O. 
Official  alkaloid,  detection,  142. 
Oleates,  75,  76. 
Oleic  acid,  7  5. 
Opium,  146. 

Valuation,  192. 
Ordinary  ray,  21, 

Sulphur,  55. 
Organic  analysis,  ultimate,  181-185. 
Orthophosphates,  68. 
Orthophosphoric  acid,  68. 
Oxalate  ammonium,  108. 

Cerium,  108. 
Oxalates,  76,  108,  130,  134. 
Oxalic  acid,  76,  108,  145,  i&o. 

B.P.  solution,  162. 

Standard  solution,  151. 
Oxide,  aluminic,  172. 

Antimonious,  93. 

„  antimonic,  169. 

Bismuth,  93,  168. 

Cadmium,  167. 

Calcium,  i,  90,  173,  174,  180. 

Chromium,  172,  173. 

Cupric,  167. 

Ferroso-ferric,  92,  171. 

Magnesium,  90. 

Manganoso-manganesic,  171. 

Mercuric,  91. 

Mercurous,  91. 

Plumbic,  92,  165. 

Silver,  90. 

Stannic,  169. 

Zinc,  171. 
Oxides,  55,  90-94. 

Normal,  55. 
Oxidizing  flame,  24. 
Oxidum  antimonii,  93. 

Argenti,  90. 

Bismuthi,  93. 

Ferri  magneticum,  92. 

Hydrargyri  flavum,  91. 
„  rubrum,  91. 

Plumbi,  92. 
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Oxidum  zinci,  91. 
Oxy-hydrate,  ferric,  89. 
Oxynitrate,  bismuthic,  102. 

P. 
Palladious  chloride,  52. 

Iodide,  52. 

Nitrate,  52. 
Palladium  (test),  177. 
Papaverine,  141. 
Papaveris  syhipus,  10. 
Penny,  Professor,  159. 
Perchlorates,  50. 
Periodates,  54. 
Periodic  acid,  54. 
Permanent  gas,  sp.  gr.,  15. 

Hardness  (water),  188. 
Permanganate  potassium,  92. 
Permanganates,  72. 
Permanganic  acid,  72. 
Peroxide,  plumUic,  93. 
Peroxides,  55. 

Pettenkofer's  test  (biliary  acids),  198. 
Phenates,  79. 
Phenic  acid,  79. 
Phosphate,  detection  of,  69,"^  70. 

Calcium,  105. 

Ferrous,  105. 

Sodium,  18. 

„        solution,  standard,  161. 
Phosphates,  68,  69, 103, 104, 134, 1 78. 

Alkaline,  179. 

Urine,  198. 
Phosphides,  67. 
Phosphites,  68. 
Phosphoric  acid,  104,  178. 

Estimation,  161. 

Separation,  170. 

c.  Iron  and  aluminium,  179. 

c.  Lime  and  magnesia,  179. 
Phosphorous  acid,  68. 
Phosphorus,  67. 

Estimation,  185. 
Phosphorus,  amorphous,  67. 

Red,  67. 
Picrotoxin,  148. 
Platinic  chloride,  84. 
Platinum,  36. 

Dry  reaction,  36. 
Estimation,  168. 
Separation,  36. 
Solubility,  137. 
Wet  reactions,  36. 
Platinum  foil,  25. 

Wire,  25. 


Plumbate  lead,  93. 
Plumbi  acetas,  107,  155. 

Carbonas,  97. 

lodidum,  87. 

Nitras,  103. 

Oxidum,  92. 

Subacetatis  liquor,  10,  108, 
Plumbic  acetate,  53,  107. 

Hydrato-carbonate,  97. 

Iodide,  87. 

Nifa^te,  53,  103- 

Oxide,  92,  165. 

Oxyacetate  solution,  108. 

Peroxide,  93. 

Sulphate,  166. 
Poisonous  alkaloids,  147. 

Metallic  salts,  144. 
Polarization,  circular,  21. 
Polarized  light,  21. 
Polarizer,  22. 
Polymorphous  bodies,  17. 
Polysulphides,  56,  130. 
Positive  electrode,  23. 
Potable  water,  146-190. 
Potassa  caustica,  89,  154. 

Sulphurata,  97. 
Potassae  acetas,  107. 

Bicarbonas,  95,  154. 

Bichromas,  94. 

Carbonas,  95,  154. 

Chloras,  85. 

Citras,  no. 

Liquor,  10,  89,  154. 

Permanganas,  92. 

Prussias,  flava,  103. 
„         rubra,  103. 

Sulphas,  99. 

Tartras,  109,  155. 

„       acida,  109,  155. 
Potassii  bromidum,  87. 

lodidum,  86. 
Potassium,  47. 

Dry  reaction,  47. 
Estimation,  175. 
Solubility,  137. 
Wet  reactions,  47. 
Potassium  acetate,  107. 

Acid  chromate,  18. 

Antimonyl  tartrate,  no. 

Bichromate,  94. 

Bromide,  18,  87. 

Carbonate,  95. 

Chlorate,  85. 

Citrate,  no. 

Cobaltous  nitrite,  170. 
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Potassium  dichromate,  standard  solu- 
tion, 152. 

Ferric  tartrate,  iii. 

Ferricyanide,  103. 

Ferrocyanide,  18, 103,  161. 

Hydro-tartrate,  109. 

Iodide,  18,  86. 

Nitrate,  18. 

Organic  salts,  estimation,  154. 

Permanganate,  92. 

Platino-chloride,  175. 

Polysulphide,  97. 

Sodium  tartrate,  109. 

Sulphate,  99,  175. 

Tartrate,  109. 
Precipitate,  2. 
Precipitated  calcium  carbonate,  96. 

Sulphur,  55. 
Precipitates,  drying,  164. 

Igniting,  164. 

Washing,  163. 

Weighing,  164. 
Precipitation,  2. 
Preparations,  scale,  in,  112. 
Pressure,  atmospheric,  13. 
Prism,  19. 

NicoFs,  21. 
Process  Dumas,  184. 

Sonnenschein,  149. 

Stas,  147,  149. 

Varrentrapp  &  Will,'  1 84. 
Processes,  chemical,  1-25. 

Special  analytical,  186-200. 
Proof  spirit,  7 . 
Prussian  blue,  64,  146. 
Pyrogallates,  135. 
Pyrogallic  acid,  81. 
Pyrology,  23. 
Pyrometer,  4,  5. 
Pyrophosphate  magnesium,  174. 
Pyrophosphoric  acid,  68. 

Q- 

Qualitative  analysis,  82-137. 

Unknown  salts,  1 13-137. 
Quantitative     analysis,     gravimetric, 
163-180. 

Volumetric,  150-162. 
Quartz,  18. 
Quinia  (quinine),  138,  143. 

Adulterations,  139. 

!>«'  u. 

o. 
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Quinicine,  192. 

Quinidine,  139,  192. 

Quinine  and  ferrous  ferric^  112. 

R. 
Radicals,  acidulous,  49-81,  130-137. 

Gravimetric  estimation,  176-180. 
Ray,  extraordinary,  21. 

Ordinary,  21. 
Rays,  Herschellian,  20. 

Of  light,  19. 
Reagents,  confirmatory,  26. 

Group,  26. 

Separatory,  26. 
R&umur  thermometer,  3. 
Receiver,  the,  6. 
Rectified  spirit,  7. 
Red  lead,  91,  93. 

Phosphorus,  67. 
Reducing  flame,  24. 
Reflection,  19. 
Refi-acHon,  19. 

Double,  21. 
Regular  system,  18. 
Residue,  the,  6,  7. 

Total  (water),  189. 
Rhamni  syrupus,  10. 
Rhoeados  syrupus,  10. 
Rhombic  system,  18. 
Rogers  &  Girdwood  (strychnia),  146. 
Rosae  Gallicae  syrupus,  10. 

S. 
Salicin,  142. 
Salicylates,  135. 
Salicylic  acid,  80. 
Salts,  ferrous,  estimation,  158,  159. 

Metallic,  poisonous,  144. 

Solubility  of,  136. 

Unknown,  qualitative  analysis  of, 

113-137-. 
Sapo  mollis  (solution),  187. 

Sarzae  extractum  liq.,  10. 

Scale  preparations,  iii,  112. 

Scales,  thermometric,  4. 

Scammonium,  193. 

Scammony  resin,  estimation,  193. 

Semi-normal  solution,  1 50. 

Sennae  syrupus,  10. 

Separation — Group  Metals,   120-128. 

Of  metals,  26. 

Separatory  reagents,  26. 

Sherry,  estimation,  194. 

Shock,  electric,  22. 

Silica,  61. 
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Silicates,  60. 

Insoluble,  180. 

Soluble,  180. 
Silicic  acid,  60,  180. 

Anhydride,  separation  of,  61. 
Silicon  fluoride,  61. 
Silver,  27. 

Dry  reaction,  27. 
Estimation,  165. 
Separation,  27. 
Solubility,  136. 
Wet  reactions,  27. 
Silver  oxide,  90. 

Test  (HCN),  146. 
Siphon,  2. 
Soda,  arseniateof,  estimation,  157. 

Caustica,  88,  153,  154. 

Chlorata,  85. 

Chlorinated,  85. 

Lime,  183. 

Tartarata,  109,  155. 
Sodae  acetas,  107. 

Arsenias,  105. 

Bicarbonas,  95,  154. 

Carbonas,  95,  154. 

Chloratse  liquor,  10. 

H)rpophosphis,  103. 

Liquor,  10,  88,  154. 

Phosphas,  104. 

Sulphas,  99. 

Valerianas,  108, 
Sodii  chloridum,  83. 
Sodium,  47. 

Estimation,  176. 
Separation,  47. 
Solubility,  137. 
Wet  reactions,  47. 
Sodium  acetate,  107. 

„       solution,  161. 

Bicarbonate,  95. 

Carbonate,  18,  95. 

Chloride,  18,  83,  176. 

Hydrate,  standard  solution,  151. 

Hypophosphite,  103. 

Hyposulphite,  98. 

Nitrate,  18. 

Organic  salts,  estimation,  154. 

Phosphate,  18. 

Sulphate,  99,  176. 

Thiosulphate        (hyposulphite), 
standard  solution,  152. 

Valerianate,  108. 
Soleil,  M.,  22. 
Solubility  (salts),  136. 
Soluble  hydrates,  54. 


Soluble  silicates,  180. 

Sulphides,  56. 
Solution,  I. 

Calx  chlorata,  145. 
Centi-normal,  150. 
Deci-normal,  150. 
Fehling,  159,  160. 
Fractional,  i. 
Nessler,  189,  190. 
Normal,  150. 
Plumbic  oxyacetate,  108. 
Semi-normal,  150. 
Sodium  acetate,  161. 
Solutions,  standard,  150,  151. 
Solvent,  the,  i. 
Sonnenschein's  process,  149. 
Special  analytical  processes,  186-200. 
Specific  gravity,  9-17. 
Beads,  11. 

Commercial  application,  13. 
Fluids,  9,  10. 
Mass,  insoluble,  11,  12. 

„       soluble,  12. 
Powders,  11. 
Solid  bodies,  11,  12. 
Vapour,  16. 
Spectra,  absorption,  21. 
Spectnim  analysis,  19. 
Spirit,  methylated,  195. 
Proof,  7. 
Rectified,  7,  10. 
Sweet  nitre,  196. 
Spirits,  alcoholic,  strength,  194. 
Spiritus  aetheris,  10. 

„  nitrosi,  10. 

Ammoniae  aromaticus,  10. 
Chloroformi,  10. 
Square  prismatic  system,  18. 
Stain,  antimony,  145. 

Arsenic,  145. 
Standard  solutions,  150,  151. 
Argentic  nitrate,  152. 
Iodine,  152. 
Oxalic  acid,  151. 
Phosphate,  161. 
Potassium  dichromate,  152. 
Sodium  hydrate,  151. 
Thiosulphate  (hyposul- 

phite), 152. 
Uranic  nitrate,  161. 
Stannates,  73. 
Stannic  acid,  73. 
Oxide,  169. 
Stannites,  73. 
Stannous  chloride,  84. 
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Starch  mudlage,  5  a. 
Stas's  i^ocess,^  147^  149. 
Staticid  dectrici^,  sa. 
Steam  bath,  7. 
SteaiateS)  75. 
Stearic  add,  75. 
Stoddart's  quinine  teat^  139. 
Strontmnii  44. 

Drjr  leacticm,  44. 
Estimation,  174. 
Separation,  44. 
Solubilitf,  137. 
Wet  reactions,  44. 
Strontiwn  carbonate,  174.     . 
Stiychnia  (strychnine),  141, 14a,  146, 

148. 
Sub-c^bonas  bismuthi,  97. 
Sub-diloridum  hydrargyri,  83. 
Sublimation,  6. 

Fractional,  6. 
Succinates,  76,  77,  135. 
Succinic  acid,  76,  135. 
Sugar,  grape  (urine),  197. 

Ultimate  analysis,  i8a. 
Sulphate,  argentic,  135* 
Barium,  173,  Z78. 
Beberine,  11  a. 
Calcium,  99. 
Cupric,  100. 
Ferrous,  18,  100. 
Magnesium,  18,  99. 
Mercuric,  100.,  ■ 
Plumbic,  166. 
Potassium,  99,  175.  * 

Sodium,  99,  176. 
Zinc,  18,  99. 
Sulphates,  58,  99,  100,  132,  178. 

(Urine),  199. 
Sulphide,  antimonious,  98. 
Arsenious,  170. 
Bismuth,  168. 
Cadmium,  167. 
Mercuric,  98,  166. 
Sulphide  in  presence  of  sulphite  and 

sulphate,  detection  of,  56. 
Sulphides,  55,  57,  97,  98,  130,  177. 
Insoluble,  56. 
Normal,  55. 
Soluble,  56. 
Sulphides,   sulphites,   and  sulphates, 
separation  of,  59. 

Sulphites,  57,  58,  98,  130- 
Sulphocarbolates,  79,  131,  135. 
Sulphocyanates,  65. 
Sulphocyanides,  131,  132.  | 


Sulphovinates,  75,  131. 
Sulphur,  55. 

Estimation,  185. 

Precipitated,  55. 

Precipitatum,  97. 

Sublimatum,  97. 

Test  (HCN),  146. 
Sulphuiic  add,  7,  j8,  99,  178. 
Sulphurous  acid,  57,  98. 

Estimation,  157. 
Supernatant  liquid,  a. 
Sutton's  "Vdlumetric  Analj^is,"  161. 
Swedish  filters,  163. 
Sweet  spirit  of  nitre,  196. 
Sjrrupus  aurantii,  10. 

Ferri  iodidi,  10. 

Hemidesmi,  lo. 

Limonis,  x6. 
'  Mori,  10.       *       . 

Papaveris,  10. 

Rhamni,  10. 

Rhoeados,  10. 

Rosse  Gallicsej  10. 

Simplex,  10. 

SenniB,  xo. 

Tolutanus,  xo. 
Syston,  cubic,  18. 

Hexagonal,  18. 

Monoclinic,  x8. 

Regular,  18. 

Rhombic,  18. 

Square  prismatic,  18. 

Triclinic,  18. 
Sykes'  hydrometer,  1 1. 

T. 
Table,  Claire  (water  hardness),  187. 

Fownes,(alcohol  percentage),  195. 

Group  metals,  120-128. 
Tannates,  135. 
Tannic  acid,  81. 
Tartaric  acid,  77,  109,  180. 
Tartrate  potassium,  109.  - 

antimonyl,  no. 
ferric,  III. 
sodium,  109. 
Tartrates,  77,  109,  131,  134. 
Tension  (vapour),  7. 
Test,  Fleitmann,  145. 

Iron  (HCN),  146. 

Marsh,  144. 

Measure,  150. 

Mixer,  151. 

Miirexid,  197. 

Silver  (HCN),  146. 
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Test,  sulphur  (HCN),  146. 
Thebaia  (thebaine),  141. 
Theory,  undulatory,  19. 
Thermal  units,  5. 
Thermometer,  3. 

Celsius,  3. 

Centigrade,  3. 

Fahrenheit,  3. 

Reaumur,  3. 
Thermometers,  alcohol,  4. 

Maximum,  5. 

Minimum,  5/ 
Thermometric  scales,  4. 
Thiocyanates,  65. 
Thiocyanic  acid,  65. 
Thiosulphates,  57. 

Separation  of  from  sulphides,  57. 
Thiosulphuric  acid,  57. 
Tin,  35. 

Dry  reaction,  35. 
Estimation,  169. 
Separation,  35. 
Wet  reactions,  35. 
Tin  (stannic),  solubility,  137. 

„     (stannous),  solubility,  136. 
Tinctura  ferri  perchloridi,  10. 
Tinctures,  alcoholic  strength,  194. 
Tolutanus  syrupus,  10. 
Torricelli,  13. 
Torricellian  vacuum,  14. 
Total  hardness  (water),  187. 

Residue  (water),  189. 
Toxicological  analysis,  144. 
Triclinic  system,  18. 
Trommer's  test  (grape  sugar),  197. 
Twaddell's  hydrometer,  11. 

U. 

Ultimate  organic  analysis,  181-185. 

Undulatory  theory,  19. 

Units,  thermal,  5. 

Uranic  nitrate,  standard  solution,  161. 

Urea,  198. 

Estimation,  160. 
Uric  acid,  198. 

Urinary  calculi,  analysis,  199,  200. 
Urine,  albumen,  197. 

„     Bodeker's  method,  197. 
„     Millon's  mercurial 

colour  test,  197. 
Analysis,  196-199. 
Bile,  198. 
„     Gmelin's  test,  198. 
„     Pettenkofer's  test,   198. 
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Urine,  blood,  199. 

Chemical  tests,  197. 
Chlorides,  199. 
Diabetic,  196. 
Grape  sugar,  197. 

Fehling's  test,  198. 

Moore's  test,  197. 

Trommer's  test,  197. 
Phosphates,  198. 
Specific  gravity,  196. 
Sulphates,  199. 

V. 

Vacuum,  Torricellian,  14. 
Valerianate,  sodium,  108. 

Zinc,  108. 
Valerianates,  75,  108,  131. 
Valerianic  acid,  75. 
Valuation,  manganese  peroxide,  162. 
Vaporization,  7. 
Vapour,  bromine,  145. 

Specific  gravity,  16. 

Tension,  7. 
Vapours,  density  of,  13. 
Varrentrapp  &  Will,  183. 
Veratria  (veratrine),  141,  142,  148. 
Vermilion,  98. 
Vinegar,  10. 

Sulphuric  acid,  196. 
Vinum  Xericum,  194. 
Voltaic  cell,  22. 
Voltameter,  23. 

Volumetric     Quantitative    Analysis, 
150-162. 
I.  General  Principles,  150. 
II.  Apparatus,  150. 

III.  Standard    Solutions,    151, 

IV.  Calculation     of    Results, 

152,  153- 
V.  Estimation  Alkaline    Hy- 
drates, 153,  154. 
VI.  Estimation  Alkaline   Car- 
bonates, 154. 
VII.  Estimation  Organic  Salts, 
Potassium  and  Sodium, 

154. 
VIII.  Estimation     I>ead     Salts, 

155. 
IX.  Estimation     Free    Acids, 

155- 
X.  Estimation     Hydrocyanic 

Acid,  156. 

XI.  Estimation  Chlorides, 

Bromides,  Iodides,  156. 
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Volumetric     Quantitative      Analysis 
{contintud^ 

XII.  Estimation      Commercial 
Arseniate  of  Soda,  157. 

XIII.  Estimation Arsenious Acid, 

157. 

XIV.  Estimation         Sulphurous 

Acid,  157. 
XV.  Estimation  Available, 

Chlorine,  158. 
XVI.^  Estimation  Ferrous  Salts, 

158,  159. 
XVII.  Estimation    Glucose    and 
Lactose,  159,  160. 
XVIII.  Estimation  Urea,  160. 
XIX.  Estimation        Phosphoric 

Acid,  161. 
XX  Valuation  Manganese  Per- 
oxide, 162. 

W. 

Wanklyn  &  Chapman,  186. 
Washing  precipitates,  163. 
Water,  54. 

Albuminoid  ammonia,  189. 

Free  ammonia,  189. 

Barometric  pressure,  7. 

Boiling  point,  4. 

Chlorine  as  chlorides,  188. 

Clarke's  table,  187. 

Of  crystallization,  18. 

Freezing  point,  4. 


Water,  good  sample,  190. 

Kingston,  bad,  190. 

Nessler's  solution,  190. 

Nitrogen    as    nitrates    and 
trites,  188. 

Permanent  hardness,  i  ZZ, 

Potable,  186-190. 

Source  of  disease,  186. 

Total  hardness,  187. 
„    residue,  189. 
Weighing,  7. 

Precipitates,  164. 
Weights,  metrical,  8. 
Will  <fe  Varrentrapp,  183. 
Wines,  alcoholic  strength,  194. 


m- 


Y. 


Yellow  bark,  191. 

Z. 

Zinc,  41. 

Dry  reactions,  42. 

Estimation,  171. 

Separation,  42. 

Solubility,  137. 

Wet  reactions,  41. 
?inc,  acetate,  107. 
Chloride,  83. 
Hydrato-carbonate,  96. 
Oxide,  91,  171. 
Sulphate,  18,  99. 
Valerianate,  108. 
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